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ABSTRACT 
The study area includes 220 square miles in southeast-
ern Pierce and southwestern Benson Counties, North Dakota 
(T. 152 N. through T. 154 N., R. 70 W. through R. 73 W.). 
Field mapping and subsequent analyses were attempted to 
differentiate the drifts of the Leeds and Souris lobes, to 
determine the sequence and duration of events during and 
subsequent to glaciation, and to aid in correlating the 
drifts. Landforms of the area include: ice marginal ridges, 
ground moraine, proglacial plains, abandoned river channels, 
and sand dunes. 
In the laboratory, very coarse sand lithology percent-
ages, till fabric, texture, and gross lithology were used to 
differentiate the drifts of the two lobes. The first two 
methods were the most useful. 
The upper Cretaceous Fox Hills Forma,tion is exposed 
along the banks of abandoned river channels and in ice 
thrust masses, but everything else is Pleistocene or 
Holocene. 
Four Pleistocene lithostratigraphic units were 
recognized within the study area: Dahlen Formation, Balta 
formation (new unit), unit B, and Hansboro Formation. The 
la.st two are the most widespread surficial units. The 
Dahlen Formation occurs only in the subsurface in several 
test holes. The Balta formation occurs in the western half 
of the study area and is overlain by unit B, 
X 
The Oahe Formation consists of fine sand, silty clay, 
and organic-rich clay: it is most common in abandoned river 
channels and in depressions. 
Although most previous studies have interpreted the 
surface till to be the result of supraglacial processes 
(ablation), the till fabric data suggests that most of the 
till of unit Band the Hansboro Formation is instead of 
basal melt-out (lodgement) origin. 
During late Woodfordian and early Twocreekan time, unit 
Band the Hansboro Formation were deposited by the reces-
sion, readvance, and final recession of the Leeds and Souris 
lobes, respectively. The Balta formation sand and clayey 
silt are interpreted to have been deposited in or near 
glacial Lake Souris I during the first recession of the 
Souris Lobe. 
Finally, silty clay and organic-rich clay was deposited 
from 10,000 to 8,500 yrs. b.p., and from 4,500 yrs. b.p. to 
present, when the climate was much as it is today. Most the 
fine eolian sand was deposited between 8,500 and 4,500 yrs. 
b.p., when the climate was warmer and drier than it is 
today. 
As a result of this study a clearer understanding of 
the geologic and climatic events of the Quaternary of north-
central North Dakota now exists. 
xi 
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INTRODUCTION 
General Statement 
During the past ten years, the Quaternary sediments of 
North Dakota and adjacent areas have been divided into 
several lithologic units. These formations and informal 
rock units have been defined and studied in only five parts 
of North Dakota: northeastern, northwestern, southeastern, 
central, and south-central North Dakota, Because these areas 
are widely spaced, correlation of lithologic units between 
these areas is often difficult. Further description and 
differentiation of the various lithologic units is needed. 
Purpose 
The purpose of this study is to map and differentiate 
the drifts of the Leeds and Souris lobes of the late Wiscon-
sinan ice sheet and to determine the sequence of events 
which occurred during and subsequent to glaciation; 
Another purpose of this study is to aid the correlation 
of upper Wisconsinan units in northeastern North Dakota with 
those in central North Dakota, by describing and differ-
entiating the Leeds and Souris lobe deposits of that age. 
Area of Study 
The study area, shown in Figure 1, consists of 220 
square miles in southeastern Pierce and southwestern Benson 
counties, North Dakota. The area contains all or parts of 
twelve townships in tiers 152 N. through 154 N. and ranges 
70 w. through 73 w. The northern boundary of the area is 
1 
2 
T154N 
4 
104° 
Ql...1..-l 1'-'--1 .l...;;I !p..__...J1Cjl0mlles 
Pig. 1, Location map of study area in Pierce and 
Benson Counties,North Dakota. 
J 
about latitude 48° 08' 48" N., the 
about latitude 47° 57' 4 5" w., the 
longitude 1000 03' 48" w., and the 
longitude 990 38' 54• w. 
Methodology 
Field Methods 
southern boundary is 
western boundary is about 
eastern boundary is about 
During the summer of 1980 and part of the summer of 
1981, the area was mapped and sampled. All of the roads and 
trails were traversed by truck or on foot. Samples were 
taken or lithology checks made at least every mile, or where 
lithologic boundaries were suspected. Air photos, 7 1/2 
minute topographic maps, and county soil survey maps were 
used as aids in determining the relationships between the 
various landforms and deposits. 
Surface samples were collected for textural and lith-
logic analyses. These samples were removed from outcrops or 
pits (where exposure was poor) with a shovel, pick-mattock, 
or posthole digger. Finally, twenty-four test holes were 
drilled with the North Dakota Geological Survey's truck 
mounted auger in order to determine the subsurface strati-
graphy and depth to bedrock. Subsurface samples were 
obtained from well cuttings and cores for additional 
textural and lithologic analyses. Test hole descriptions 
are given in Appendix B. 
Till fabric was determined by both macrofabric and 
microfabric methods. Macrofabric measurements were taken by 
4 
digging out elongate pebbles and cobbles from an exposure, 
placing toothpicks parallel to their long axes, and 
measuring the orientation of the toothpicks with a Brunton 
compass. To insure measurement of representative macro-
fabric, fifty pebble and/or cobble orientations were 
measured at each site. Young (1969, p. 2343) found that 
"measurement of fifty stones produces a result very 
comparable to that obtained by measurement of 100 stones." 
In addition, oriented till samples were collected for 
microfabric analysis. Oriented samples about 15 cm on a 
side were removed, wrapped in paper or aluminum foil, and 
orientation of the sample marked on the outside. The stone 
orientations measured in till fabric analyses are given in 
Appendix C. 
Laboratory Methods 
Laboratory methods consisted of textural, lithologic, 
and microfabric analyses. The standard North Dakota 
Geological Survey sieve and hydrometer method (Perkins,1977) 
was used to determine the sand, silt, and clay content of 
the till samples. The results of textural and very coarse 
sand lithogy analyses are given in Appendix A. 
The lithology of the very coarse sand fraction of till 
samples was determined by using a binocular microscope with 
10 to 40 magnification. Four lithologic categories were 
counted: 1) crystalline rock fragments (igneous and 
metamorphic rock, and rock-forming mineral grains), 
5 
2) carbonate rock fragments, 3) shale fragments, and 4) 
sandstone and siltstone rock fragments. 
Till microfabr ic analysis was ·performed on oriented 
till samples. Preparation of the samples for analysis 
consisted of drying the samples at 105° Celcius for 24 
hours, and impregnating the samples with epoxy using the 
method outlined by Buehler Ltd. (1973). Three mutually 
perpendicular thin sections were made, one horizontal and 
two vertical. The horizontal thin section was used to 
determine the azimuth, and the vertical thin sections were 
used to determine the plunge of the grains. The horizontal 
thin section was analyzed first. The proper orientations of 
the vertical thin sections were determined in order to 
measure the true plunge of the grains. The orientation of 
the grains was measured by the projection method outlined by 
Evenson {1971). 
Till Fabric Plots 
Till macrofabric data were plotted on equal area 
stereonets with the aid of a computer program {PETROFAB) 
developed by LeFever (1978). This program tests the statis-
tical, significance of the fabric. Both macro and micro-
fabric till data were plotted as rose diagrams. 
Textural and Lithologic Data Analyses 
Textural and lithologic parameters typically have been 
used to compare the lithostratigraphic units of the Pleisto-
cene series of North Dakota (Ulmer and Sakreiter,1973; 
6 
Harris and others,19741 Moran and others,1976). The tex-
tural parameters used are the normalized sand, silt and clay 
weight percentages. The gravel weight percentage is 
subtracted from the total weight percent; the sand, silt, 
and clay weight percentages are then normalized to 100%. 
The litholo~ic data are handled similarly; the percentages 
of crystalline, carbonate, and shale were normalized to 100% 
and all other rock and mineral fragments are excluded. The 
lithologic percentages are calculated only for samples 
having more than 100 grains. 
Bedrock Geology 
PREVIOUS WORK 
Preglacial Setting 
The only recognized pre-Pleistocene formation in the 
study area is the Fox Hills Formation (Bluemle, 1981; 
Carlson and Freers, 1975). This formation considts of light 
greenish gray fine grained sandstone, tan to white siltstone 
and mudstone, which commonly contain ironstone concretion 
zones (Cvancara, 1976; Carlson and Freers, 1975). 
Glauconitic zones have been noted in several drilling logs 
from test holes in the study area (Rankin, 1971). These 
zones suggest a marine environment of deposition which is 
consistent with the nearshore marine (barrier island or 
delta) environment of deposition interpreted by Cvancara 
(1976). 
Bedrock Topography 
The bedrock topography of the area is dominated by 
channels cut in the generally flat surfaces of the Fox Hills 
Formation (Bluemle, 1981a, verbal communication; Carlson and 
Freers, 1975). The bedrock surface in the eastern half of 
the area is 15 to 30 m (50 - 100 feet) higher than the 
western half, with the exception of the large ice thrust 
mass in the southwestern corner of the area which rises 30 
to 60 m above the rest of the bedrock surface (Carlson and 
Freers, 1975; Bluemle, 1981). 
7 
8 
The preglacial drainage of the area was probably to the 
northwest into the Souris basin (Laird, 19671 Bluemle, 
198la,verbal communication). The bedrock elevations mapped 
by Carlson and Freers (1975) support this hypothesis. 
Landform Mapping 
Regional Maps 
Clayton and others (1980) and Colton and others (1963) 
mapped the glacial deposits of the state on a 1:500,000 
scale. Figures 2 and 3 show the landforms in the study area 
from their maps. 
Early workers (Colton and others, 1963) described the 
Martin end moraine as a broad band of hummocky topography 
including ice contact stratified deposits. The large so-
called kame in the southwestern corner of the area (see 
Figure 2) was identified by later workers (Carlson and 
Freers, 1975; Clayton and others, 1980) as an ice thrust 
mass of Fo~ Hills Formation. Clayton and others (1980) 
located the Martin ice margin position by the presence of 
ice thrust masses, ice contact deposits, and outwash plains. 
Both regional studies depicted the Heimdal end moraine, or 
ice margin, as a narrow hummocky ridge associated with a 
relatively broad outwash plain. Colton and others (1963) 
identified the landforms behind and between both end 
moraines as ground moraine. Clayton and others (1980), 
however, identified them as landforms of a previous advance 
draped with a thin veneer of ablation till ~eposited by the 
Fig. 2. Glacial lanai' orms of study area. as depicted by 
Colton and others (1963) 
Explanation 
E-End or marginal moraine deposits, End moraines of high local relief 
or marginal areas of stagnation moraine. Includes some kame moraines. 
G-Ground moraine deposits. Also includes recessional moraines and 
ablation moraines of low local relief. 
I-Ice-cont.act stratified dri:ft deposits. Includes ka.mes, eskers, kame 
plains, kame ter:z:aces and Im.me moraines. Only a few very large 
eskers are shown. 
0-0ut'HaSh, inw.sh, and terrace deposits. Includes some alluvium and 
colluvium of recent age. Deposits in some channels are very thin 
or nearly absent, 
L--Glacial lake deposits, Fine sand, silt and clay of glacial Lake 
Souris. Includes some areas of till and bedrock where the mantling 
lake deposits have been removed or are patchy in distribution. 
Some dune sand also included. 
Other Symbols 
----- Cont.act1 dashed where approximte, 
_ •• Outer limit of significant glacial advance, not 
necessaxily of substage rank. Dashed where appro:x:1.mate. 
Number indicates sequence of recession. 
~'\" Washboa:rd moraines 
,.,,.-- Drwnlins and fluted moraine 
tY" Direction of melt-water flow in channels 
j 
10 
11 
Fig. J. Gl.a.cial landforms of study a.rea as depicted by 
Clayton and others (1980). 
Explanation 
Oa.he Formation 
Qod- Windblown sand (Holocene), medium to fine sand; knobby 
topogzaphy of transverse and longitudinal dunes. 
Coleharbor Formation 
Qcof- Proglacial lake sediment; flat-bedded sediment of low 
· lying plains. 
Qcrf- Uncollapsed river sediment. Flat-bedded sediment of 
gently sloping plains and terraces, commonly with 
braided channel scars. 
Coll&psed Glacial Sediment- Supraglacial sediment 'Iii th hummocky 
topograpey. 
Qccu- Undulating-2'to 4·ma.x1mum slope angle, 
Qcdc- Collapsed/Draped Transition Sediments. 
Collapsed glacial sediment with hummocky topog:rapey 
draped over and partly obliterating the topography 
existing before the last glacial advance. 
Qcdg- Thin glacial sediment draped over and only slightly 
modifying the glacial topography existing before the 
last glacial advance. 
Qct- Ice thrust ma.ss. 
Kf- Fox Hills Formation (Upper Cretaceous). 
-
other Symbols 
Ice margin positions; dashed where uncertain. 
Crests of transverse glacial ridges. 
Large ahl.ndoned river channels. 
Crests of longitudinal glacial ridges. 
Small a.hl.ndoned river channel. 
Esker. 
12 
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last advance (see Figure 3). Both regional studies observed 
transverse ridges behind the Heimdal end moraine, but 
proposed different origins for them. Clayton and others 
(1980) proposed that these features were formed by supra-
glacial melt-out of englacial debris bands. Colton and 
others (1963) suggested that these features are washboard 
moraines developed in ground moraine, presumably basal melt-
out (lodgement) till. 
Pierce and Benson Counties Map 
The study area was mapped on 1:125,000 scale by Carlson 
and Freers (1975) as part of the Benson and Pierce counties· 
mapping project (see Figure 4). They subdivided the 
Coleharbor Group into four facies according to landforms: 
end moraine, low relief stagnation deposits, eroded slope 
deposits, and drift-covered ice thrust masses. The low 
relief stagnation deposits were further divided into three 
types based on the presence, relative abundance, and physi-
cal distinctness of washboard moraines and circular ice dis-
integration ridges. The eroded slope deposits consist of a 
thin veneer of drift on a pre-existing nonglacial slope. 
Carlson and Freers (1975) traced the Heimdal and Martin 
end moraines into the study area from Eddy and Foster, and 
Wells and Sheridan counties, respectively. Both end mo-
raines were characterized as bands of low to moderate relief 
stagnation deposits. In the southwestern corner of the area 
they mapped a large drift-covered ice thrust mass associated 
• 
14 
Fig. 4. Glacial landforms of the study area a.s depicted by 
Ca?:lson and Free:rs (1975), 
EXPLANATION. 
Walsh Group1 
Wsd- sand dunes 
Wcl- stream flood plain and valley floor deposits, 
Coleharbor Group, 
Cb1M- Ma.:rt1n end mo:r:a.1.ne 
Cb1H- Heimdal end moraine 
CbJ - low relief stagnation deposits• caps ove=idden sand lulls 
Cb4 - low relief stagnation deposits, circ,ular disintegration 
ridges, a.nd washboard moraines, poorly developed or absent 
Cb6 - drift covered ice shove masses 
Cic - ice contact deposits, askers and kames 
Cos - sand and gravelly sand deposits near Cb1 
Cgs - gravel and gravelly sand deposits as kame deposits 
Csg.:. gravel and gravelly sand occurs as channel deposits or 
outwash aprons 
Cls - sand and silty sand la.custrlne deposits 
Csc - silt, clay silt, and silty clay la.custrlne deposits 
o- Exposure of Fox Hills Formation 
\ \ - Washboa.:cd mo:ra.ine 
--
,.•) '., .. , 
sg •z 
~ 
I \, - 74 Sia I:: 
c 1'_ 't--J,. cb1M c"" )) cb4 z (') 
in ..... 
!~b3 - ... '-" I-
\_ ~~ (fb4 ~ j-~~z, Csg 
cb1M °" 
c,s 
~Lcb6~-~~\ \_ Cb1H Cos 
L 
R73W R72W R71W R70W 
16 
with the Martin end moraine. Low relief stagnation deposits 
were mapped on both sides of the end moraine, as shown in 
Figure 4. They noted that such deposits on the northwest 
side of the Martin end moraine capped overridden sand hills. 
The low relief stagnation deposits between the end moraine 
to the northeast of the Heimdal end moraine (Figure 4) 
consist of faint washboard moraines and circular ice 
disintegration ridges. Other deposits mapped between the 
end moraines are outwash plains, generally flat plains of 
gravelly sand to sandy gravel. 
Five meltwater channels were mapped and they were 
characterized by strings of lakes and sloughs (Carlson and 
Freers, 1975). Eroded slope deposits covering the channel 
banks were also observed. These deposits were interpreted 
to be slopewash derived from till, 
Lithostratigraphy 
Pleistocene lithostratigraphic units have been defined 
in several parts of North Dakota: northeastern, the Sheyenne 
River trench, the Lake Sakakawea area, northwestern Williams 
County and south-central North Dakota. Most of the litho-
stratigraphic units studied and named in these areas were 
defined by the following criteria: gross lithology, tex-
ture, lithology of the very coarse sand fraction, struc-
tures, stratigraphic position, and radiocarbon age (if 
available). Table l summarizes the stratigraphic 
--
17 
Table 1 
Summary of the Descriptions of Pleistocene 
Lithostratigraphic Units of North Dakota 
Areal Correlative 
Unit Name Extent Units 
Falconer 2 NE, N.D. Huot (NI<, Minn) 
Format.ion NW, Minn. Marchand (Man,) 
Hansboro 
Formation 
NE, N .. D. Unit 11 DH or 
L. Ft. R-10 
Unit :iE"3 SE, N,D, No apparent 
correlative 
unit 
Unit t.0 1_3 SE, N. D. Hansboro 
or 1 Fonnation L. Ft. R-10 
Dahlen 2 Western upper Braddock, 
Formation and Emmons Snow 
or 1 Central School and L.FT.R-20 Horse Shoe 
Valley , 
Lennard 
Bnttleford 
1 
2Moran and others (1976) 
3Hobbs (1975) 
4camara (1977) Ulmer and Sakreiter (1973) 
Lithologic Description 
and Origin 
Pebble loam, light brown to 
medium gray, becomes sandier 
and shalier near western limit; 
Glacial sediment 
Pebble loam, yellow brown to 
light gray, fissile, contains 
stratified drift; Glacial 
sediment 
Pebble loam, dark gray-brown 
(2.SYS/4), slightly pebbly, 
platy to blocky; Glacial 
sediment 
Pebble loam, olive to gray 
(SYS/3-21 weak to strongly 
blocky st,ructure; Glacial Sediment 
Pebble loam, light olive brown 
to olive gray (SYS/2), platy to 
pris1nati e1 iron and manganese 
oxide stain~ no lignite; 
Glacial sediment 
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Table 1 
(continued) 
Very Coarse Sand Stratigraphic 
Texture Lithology Position (Radio-
Sand Silt Cla Xtln. Carb. Shale carbon A es Comments 
29 33 38 42 34 24 Upper Wisconsinan Deposited by 
( 13,500) south flowing 
ice 
2.13 38 34 50 27 23 TJpp~r Wisconsinan 'leposited by 
south flowing 
ice 
34 43 23 ':., 7 2, 10 Upp~~ Wiscor.sinan Deposited by 
south-east 
flowing ice 
33 40 27 52 29 19 IJpper Wiscon.sinan Deposited by 
south-east 
~" ··~,.s 44 ~~ _, 26 19 55 Upper ( 20,000) Deposited by 
south~-r!as t 
floving ice 
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Table 1 
(coot inued} 
.&real Correlative Li tho logic Desc1 lption 
~U::;nc:i;.:t'--"l\':.::a::;me~-~E::::xe:.t:::;e:c:_o!!.!:t ___ ....:;;l'.!:!na!i.it;.:;s~----------'"a.!!n.!:!d...:::G~r-=ic.1:gi;!i,!;n~---------t 
Snow 4 School Fm. 
Hors~ 
Shoe Valley 
Form<ltion4 
f;ard,,r 
Fm. 2 
l L. Ft. R-30 
1'1edicine 
Hill Fm. 4 
Western 
and 
Central 
Central 
and 
Western 
N.D. 
NE, N.D. 
SE, N.D. 
SE, N.D. 
Central 
and 
Western 
N.D. 
Dahlen, Emmons 
upper Braddock 
Lennard, Battle-
ford 
Dahlen, Emmons 
upper Braddock, 
Lennard, Battle-
ford 
L. Ft. R-30 
lower Braddock 
Medicine Hill 
Lower Braddock,, 
Gardar, Medicine 
Hill 
Lower Braddock, 
F.Ft.R-30, 
Gardar, 
Minnedosa, 
(Man.) 
1 
2Moran and others (1976) 3'lobbs (1975) 
4camara (1977) Ulmer and Sakreiter (1973) 
Upper l~ember: Pebble loam, 
light olive gray to light olive 
brown, columnar joints; ~~ddle 
Member: Pebble loam reddish 
olive brown; Lower Member: 
Sand and gravel 
Upper l'ember: Pebble loam, 
olive gray to olive brown, 
columnar joint~ top weatherc1 
in some places; Glacial sediment 
Lower Member: Sand and gravel 
Pebble loam, olive brown, light 
olive gray to dark gray brown 
(2. 5Y4/2), compact, strongly 
jointed 
Pebble loam, olive gray to 
olive brown,abundant shale; 
Glacial sediment 
Upper Member, !.'ebble loam, 
sandy, buff to light gray; 
Glacial sediment, Lower Member: 
sand and gravel 
I 
I 
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Stratigraphic 
Texture Lithology Position (Radio-
Sand Silt Cla Xtln. Carb. Shale carbon A es) Comments 
27 39 34 48 26 26 Upper Wisconsinan Middle Member 
is thin and 
localized in 
i 
·3 
occurrence 
29 40 31 37 28 35 Upper Wisconsinan 
t 
32 42 26 10 8 82 Lower Wisconsinan Deposited by 
,. south-east 
flowing ice 
18 48 34 15 15 70 Lower Wisconsinan 
( 40,000) 
27 41 32 54 25 20 Lower Wisconsinan 
' 
' 
Areal 
Unit !{ame Ext:ent 
Vang ::rn. 2 NE, 11. D. 
Unit oc113 SE, N. D. 
or 1 L. Ft. R-40 
Tiber Fm. 2 NE, N. D. 
Unit ''B"3 SE, N. D. 
or 1 L. Ft. R. -50 
Cando Fm. 2 NE, N. D. 
Unit ''AH3 SE, N.D. 
nr 1 L. Ft. R-60 
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Table 1 
(continued) 
Corre.l.:Jti ve 
Uni ts 
L. Pt. R-40 
or Unit nc11 
Vang 
L. I't. R-50 
or Unit "B" 
Tiber 
not 
correlated 
not 
correlated 
L~chologic Desc1iption 
and Origin 
Pebble loam, sandy, buff to 
light gray; Glacial sediment 
Pebble loam, dark grayish brown, 
pebbly compact, strong pris-
matic structure, numerous sand 
and grave~ lenses 1 contains up-
per silty and lower sandy units; 
Glacial sediment 
Pebble loam, light buff to light 
gray; Glacial sediment 
Pebble loam, da·.ck grayish brown, 
platy structure, ocher and 
lignite inclusions; Glacial 
sediment 
Pebble ioam, olive brown to 
olive gray, with stratified 
driftj Glacial sediment 
Pebble loam, olive brown, pris-
matic to blocky structure, man-
ganese oxide stains; Glacial 
sediment 
1 
2Moran and others (1976) 
3Hobbs (1975) 
4 Camara (1977) Ulmer and Sakreiter (1973) 
-
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Very Coarse Sand Stratigraphic 
Texture Lithology Position (Radio-
Sand Silt Cla Xtln. Carb. Shale carbon A es Comments 
34 35 31 40 25 35 Lower Wisconsinan 
29 41 30 40 30 30 Lower Wisconsinan 
--ii,.----------------- --····----------------
27 38 35 21 
37 42 21 29 
35 41 24 25 
29 43 28 38 
28 
23 
16 
26 
51 
48 
59 
36 
Lower Wisconsinan Occurs in buried 
valleys 
Lower Wisconsinan 
Lower Wisconsinan 
Lower Wisconsinan 
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nomenclature of the Pleistocene of North Dakota and the 
criteria used to differentiate the units. The stratigraphic 
relationships of these units and the corresponding climatic 
events are shown in Table 2. 
Glacial History 
General 
The glacial history of North Dakota has been determined 
from landforms, lithostratigraphic units, and radiocarbon 
dates. A major problem in unravelling the glacial history 
is determining whether a given end moraine represents the 
farthest extent of a glacial advance, or only a minor 
readvance during a recession {Lemke and others, 1965). 
Clayton and others (1980) proposed that concentrations of 
ice thrust masses reflect renewed glacial advance. However, 
the climatic significance of such a readvance is unclear and 
difficult to determine. Table 3 summarizes several of the 
proposed glacial histories of North Dakota and surrounding 
areas. 
Late Wisconsinan Glacial History 
of North-central North Dakota 
During the late Wisconsinan several end moraines were 
deposited in north-central North Dakota. As the late 
Wisconsinan ice sheet retreated from the Woodhouse end 
moraine (shown in figure 5) and became too thin to override 
the Turtle Mountains, the ice sheet split into two lobes, 
,~ .... ~~:~,,ri,;.'.;,1;1_r::.@:.i,-!i ,'t!J" •,l-J;.;,;t ,1,.:1·.1t"'''' .:,.,)\'.. Lii'l 
Table 2, Correlation cha.rt of Pleistocene lithostratigraphic 
units of North Dakota (after Moran and others, 1976 ), 
,------------.-- ----
Central North Dakota 
Ulmer and Sa.kreiter 
(1973) 
South Central Southeastern Northeastern Chrono-
North Dakota North Dakota North Dakota • stra. tigra. phi C 
Unit Bickley(19?1) Moran and others Hobbs(19?5) 
(1976) 
L,Ft,R-10 
Sherrack 
Poplar River 
Brenna. 
Greatlakea.n 
Substage 
~ Formation I- ? - ? -? --
,,..; 
'&: §' Fa.lconer 
~ e FormationlTwocreekan &" Substage 
< Wylie 
Formation 
Hansboro 
Formation ~?-?-?--
Snow School -Elllmons I L.Ft,R-20 I Dahlen Wood:fordian 
Formation Formation Formation Substage 
Fa.rmdalian 
Substage 
-- I 
R-JO Gardar Medicine Hill I Braddock I L.Ft, - . - . 
Formation 
L,Ft,R-40 Va.ng 
I Formation I Formation j J- - · 
L.Ft,R-50 
L.Ft,R-60 
FoL.nation 
1 Tiber 
Formation 
------1 
I Dando 
Formation 
Pre-~ 
Wisconsinan i 
~ 
Table J. Summry of the glacial histories of North 
Dakota. Horizontal lines represent ecost:ratigraphic breaks. 
Radiocarbon da.tea, in thousands of years before present, are 
shown in parentheses. 
I 
' 
i 
i 
'1,,,C,,j .\,1,, ,\', -.;'_;;utf,L 'd:.r.:.Jt!.Si•··· 
--- -
-·---- --- -r-~~.,,, ,""'8(19?6) Clayton(1966) 
ta.gna.nt ice lake drain(9.2) 
n Missouri Agassiz c(9,5) 
Coteau·and Lake drain 
Turtle Caledonia Agassiz b(10,5) 
Mountains Advance drain 
( 13,5) a(11.5) 
lake Pembina. 
....._ 
Agassiz Minot-Edinburg a 
(20-15) Martin-Luverne ,ci 
Lostwood Cooperstown '-" 
Readvance 
(20) 
Lostwood Kensal-Grace City 
Retreat 
....._ 
Streeter It'\ 
. 
N 
Burnetad .... '-" 
Mercer Zeeland-Charlson 
Advance Napoleon(.38,0) 
Napoleon (40,0) Morton 
Clearwater Pre-Wisconsinan 
Verone Drifts 
Dunn l 
·,-: J.~ '~'J{\'.:?f;;tf'J,,'1;\!.>;fi,Z,f 
Lemke and others(1965) 
Post-Glacial 
Advance 6(Edinburg) 
Advance 5(Ma.rtin-Heimdal-
Cooperstown) 
Advance 4(Crace City-
Oakes-Kensal) 
Advance J(Streeter-Alamo) 
Advance 2(BU7:nstad-
Lcng Lake-Zeeland) 
Advance 1 (Dunn) 
Chronostratigra.phic 
Units 
Grea tlakeim 
Substa.ge 
?--?-?-? 
Twocreekan 
Subeta.ge 
?-?-?-? 
j 
ti) 
~ 
,) 
Woodfordianl ~ 
Substa.ge :a-
Farmd.alian 
Substa.ge 
Altonian 
-·· _ I Substa.ge I I 
Pre-Wisconsinan 
N 
°' 
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so 100(km) 
~---''--' 
sea.le 
Fig. 5. Ice margin positions of north-
central North Dakota and ice movement directions 
(arrows), (after Clayton and others, 1980), 
Explanation 
w- Woodhouse 
M- Marlin 
H- Heimdal 
N- North Viking 
Mn- Minot 
., 
-J 
.. ~ 
,j 
28 
the Leeds to the east and the Souris to the west. Clayton 
and others (1980) suggested that the Leeds and Souris lobes 
retreated north of the Martin and Heimdal ice margin 
positions and then readvanced, forming the Heimdal and 
Martin end moraines. They based this hypothesis on the 
presence of overridden sand and gravel hills and concentra-
tion of ice thrust masses along these ice margin positions. 
Lemke (1960) noticed that the end moraines of the Leeds lobe 
appeared to be truncated by the Martin end moraine (see 
Figure 5) and he suggested that the Souris lobe overrode 
parts of the northwestern ends of the Leeds lobe moraines. 
Carlson and Freers (1975) noted that ice stagnation deposits 
were left behind the Heimdal and Martin end moraines during 
the wastage of these lobes. The Minot and North Viking 
moraines were subsequently deposited by the receding lobes 
(Clayton and others, 1980). Clayton and others (1980) 
suggested that the Minot and North Viking end moraines also 
were formed by a readvance of the Souris and Leeds lobes, 
because of the presence of ice thrust masses. 
Clayton and others (1980), and Moran and others (1976) 
concluded that even after the late Wisconsin ice sheet 
retreated from the area, buried ice still remained. The 
buried ice was apparently concentrated on the Missouri 
Coteau and the Turtle Mountains. Clayton (1966) suggested 
that stagnant or buried ice existed from about 12,000 to 
9,000 radiocarbon years ago. 
1 
$ 
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The meltwater generated by the wastage of the Souris 
lobe was dammed by the Martin end moraine and glacial Lake 
Souris was formed (Lemke, 1960). Moran and Deal (1970) 
detected nine strandlines of glacial Lake Souris (1590, 
1550, 1540, 1525, 1510, 1475, 1475, and 1460 ft. elevation). 
The three most prominent are at 472 m (1550 ft,), 460 m 
(1510 ft.), and 450 m (1475 ft.) elevation, in parts of 
Rollette, Pierce, McHenry, and Bottineau counties. Carlson 
and Freers (1975) found Lake Souris sediments at 472 m 
elevation in western and central Pierce County and proposed 
several outlets for glacial Lake Souris in southern Pierce 
County: Pagel Lake, Antelope Lake, Girard Lake, Long Lake 
and possibly a Cranberry-Filmore outlet. The elevations of 
these outlets range from 466 to 472 m (1530 to 1550 ft.) 
with the exception of Girard Lake which is as low as 448 m 
(1470 ft.) (Carlson and Freers, 1975). Aronow (1963) and 
Clayton and others (1980) suggested that as the Leeds and 
Souris lobes receded spillways were uncovered, through which 
glacial Lake Souris drained. Some of these channels, like 
the Sheyenne River, were both spillways for Lake Souris and 
meltwater channels for the Leeds and Souris lobes 
(Aronow,1963). Clayton and others (1980) suggested that all 
the outlets, with the exception of the Girard Lake spillway, 
were active for only a short period of time. They concluded 
that as the ice melted back from the Edinburg ice margin the 
Girard Lake outlet was abandoned and glacial Lake Souris 
then drained through the Pembina outlet. 
' 
a 
-
. . 
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outlet was abandoned and glacial Lake Souris then drained 
through the Pembina outlet. 
Post-glacial Geology 
Post-glacial processes have only slightly modified the 
glacial landforms and deposits of the study area. Carlson 
and Freers (1975) and Deal (1971) suggested that eolian 
processes and slopewash have been the dominant post-glacial 
processes. The former mapped sand dunes in the northwestern 
corner of the study area (Figure 4). These sediments have 
been included in the Denbigh formation of Bickley (1972). 
Carlson and Freers (1975) also noted lacustrine and slough 
deposits in depressions below 472 m (1550 ft.) elevation. 
They attributed most of this sediment to slopewash. 
Deal (1971) interpreted the climatic significance of 
the post-glacial {Holocene) deposits. He proposed that lake 
and slough sediments, derived from slope processes, were 
deposited between 10,500 and 8,500 years b.p. when the 
climate was much like it is today. He attributed eolian 
sand and silt deposits to an effectively more arid and 
probably warmer climate than exists presently probably from 
about 8,500 to 4,500 yrs. b.p. Finally, he proposed that 
our present climate developed starting about 4,500 to 4,000 
yrs. b.p. He based this interpretation on renewed 
lacustrine and slough sedimentation. 
RESULTS 
Landform Mapping 
The landforms of the study area have been divided into 
six groups: ice marginal landforms, ground moraine, 
streamlined longitudinal ridges, proglacial landforms, 
abandoned river channels, and eolian landforms. 
Ice Marginal Landforms 
The ice marginal landforms of the study area can be 
divided into four categories: l} moderate to high relief 
hummocky bands, 2) ice thrust masses, 3) washboard moraines, 
and 4) ice contact sand and gravel hills and ridges. These 
landforms are concentrated in three bands within the area. 
Two of these bands are widely traced ice margin positions, 
the Heimdal and Martin end moraines (see Figure 5). The 
third band of ice marginal landforms is 3 to 5 km behind the 
Heimdal end moraine (Plate 1). 
The Heimdal end moraine, {Figure 6} a prominent 
northwest-southeast trending ridge (Plate l} with moderate 
to high relief hu!1Ullocks and ice thrust masses, rises 5 to 15 
m above the surrounding topography. It extends from 
sections 14 and 15 T.152 N. R.71 w;, on the southern border 
of the area, through the town of Esmond to sections 5 and 6 
T.153 N. R. 71 w. where it merges with the northeastern end 
of the Martin end moraine. The Heimdal end moraine is 
breached by a sand filled channel in the northeastern part 
of section 16 T.153 N. R.71 w. This moraine consists of a 
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Fig. 6. Heimdal. end moraine, progla.cial lake plain and 
outwa.sh plain in sections 3,4,5,8,9,10, T,152N R,71W, Benson County, ( U,S, Department of Agrlcu1ture airphoto CWK-.SW-59, ) Area shown 
is 2.2 km llide. 
Outwash 
plain 
Heimdal 
end 
moraine 
JJ 
Interpretive Sketch 
Lake 
plain 
Ground 
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thicker accumulation of till than is present in the sur-
rounding areas (see cross-section C-C', Plate 4). It rests 
partially on and partially behind a bedrock high. 
The Martin end moraine is a broad, indistinct band of 
ice thrust masses, moderate to high relief ring-shape 
ridges, and ice contact deposits trends northea~t-southwest 
from sections 16 and 17 T.152 N. R.73 w., in the 
southwestern corner of the area, to section l T.153 N. R.72 
w. and sections 6 and 7 T.153 N. R.71 W. where it merges 
with the northwestern end of the Heimdal end moraine. The 
Martin end moraine is breached by three abandoned river 
channels: Sandy Lakes, Buffalo Coulee, and Long Lake 
channel. This end moraine is distinguished from the 
surrounding topography by slightly higher elevation and 
higher relief. The till thickness increases in areas of 
higher relief and in bedrock depressions. The Martin end 
moraine, like the Heimdal end moraine, is associated with a 
bedrock high (Cross-section E-E', Plate 4). The moraine 
consists of three types of ice marginal landforms: moderate 
to high relief ring-shape ridges, ice thrust masses, and ice 
contact sand and gravel ridges. A large ice thrust mass 
(Figure 7) exists in the southwestern corner of the area in 
sections 6, 7, 8, 16, and 17 T.152 N. R.73 W.; this mass 
consists of intercalated, folded, and faulted layers of till 
and Fox Hills Formation. Another ice thrust mass of 
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Fig. 7, Ice thrust mass of Fox Hills Formation in sections 
5 and 6 T. 152 N. R, 73 W. • Pierce County. U.S. Geological Survey, 
Balta Southeast Quadrangle (10 foot contour interval), Area shown 
is 2.8 km wide. 
),_ 
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Fox Rills Formation occurs in section 21 T.153 N. R.72 w., 
this mass is much smaller and its topographic expression is 
more subdued (see Plate 1). 
Ice contact sand and gravel deposits are found in two 
places along the Martin end moraine. A northwest-southeast 
trending esker extends nearly 5 km from section 30 T.153 N. 
R.72 w. to section 2 T.152 N. R.73 w. It rises 3 to 10 m 
above the surrounding topography (see Figure 8). The esker 
is sand cored and capped by 1 to 2 m of.till, The other ice 
contact feature is a kame in the northwestern portion of 
section 14, T.153 N., R.72 w. (see Figure 9). This landform 
rises 20 to 30 m above the surrounding topography and 
consists largely of gravelly sand, capped by a thin layer of 
till. Associated with this large steep-sided hill are 
several smaller till-capped sand hills. The rest of the 
Martin end moraine is characterized by moderate to high 
relief ring-shape ridges, shown in Plate 1. 
The third band of ice marginal landforms is a discon-
tinuous northwest-southeast trending ridge, 3 to 5 km 
northeast of the Heimdal end moraine. This band consists 
largely of moderate relief irregular hummocks and is 
associated with a band of low to moderate relief transverse 
ridges or washboard moraines (see Figure 10). This band 
extends about 15 to 17 km from near Lake Seventeen in the 
southeastern corner of the area to near Roberts Lake in the 
J8 
Fig. 8. Till covered asker associated with the Martin 
end moraine in section J1,T.15JN R,72W, Pierce County. U.S. 
Geolog1ca.l Survey, Petrified Lake Quadrangle (10 foot contour 
interval), Area shown ls 1.8 km wide. 
J9 
-3, 
.. 
Fig, 9, T111 capped ka.me associated with the Ma.rtin 
end moraine in section 14 • T, 15JN ll, 72W, Pierce County. 
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Fig, 10, Northwest-southeast trending wshboa.:r:d mo:raines 
in sections 5,6,7 and 8, T,152N R,70W, Benson County. U.S. Depart-
ment of Agriculture airphoto CWK-_5W-6J. Area shown is 2,4 km wide. 
4J 
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north-central part of the area (Plate l). An ice thrust 
mass associated with Lake Seventeen occurs on the 
southeastern end of this band. 
Ice Marginal Processes 
End moraines are formed as a result of several pro-
cesses: dumping, stagnation, pushing or bulldozing, and 
large block inclusion (Clayton and Moran, 1974: Embleton and 
King, 1975; Kemmis and others, 1981). 
Stagnation and dumping are closely related processes. 
When debris melts out of stagnating ice it may flow down the 
glacier and be deposited at the snout as a dump ridge at the 
ice margin. Pushing or bulldozing occurs when a glacier 
advances and pushes sediment at the snout into narrow steep 
sided ridges. Push moraines can survive only short 
advances: if advances are more extensive the sediment is 
probably overridden (Embleton and King, 1975; Sugden and 
John, 1976) • 
Moran (1971) defines large block inclusion as a process 
which entrains large blocks of bedrock or preadvance sed-
iment, Several authors (Flint,1971; Sugden and John, 1976) 
have proposed that ice thrust masses are formed by frozen 
masses of bedrock or sediment freezing on to the base of the 
glacier. They are then deformed and thrust into place at 
the. ice margin. This hypothesis requires that the glacier 
be frozen to its base. Moran (1971) proposed that large 
block inclusion of bedrock or preadvance sediment may also 
occur as a result of excess porewater pressure in confined 
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aquifers at the base of a glacier. He noted that the 
elevation of porewater pressures causes a decrease in shear 
strength and effective stress, allowing the blocks to be 
deformed easily and removed by the glacier. He suggested 
that interbedded sands and clays or sandstones and shales, 
which are common in proglacial, marginal marine, and 
continental environments of deposition, favor large block 
inclusion because of the common occurrence of confined 
aquifers. 
Kemmis and others (1981) and Embleton and King (1975) 
have suggested that the low to moderate relief ridges or 
washboard moraines are formed by basal melt-out at the ice 
margin. The washboard moraines of the study area grade 
laterally into low relief flat or gently undulating 
topography which is characteristic of basal melt-out tills. 
The variety of landforms that exists within these bands 
suggests that many processes, such as dumping, bulldozing, 
large block inclusion, stagnation, subglacial melt-out, and 
lodgement were active during the formation of these three 
bands of ice marginal landforms. Bulldozing and large block 
inclusion were probably active during the early phases of 
development of these features. Dumping and ice stagnation 
were probably active in later phases. The ice contact 
features appear to be the result of supraglacial and/or 
englacial fluvial deposition in or on a karst-like 
topography which developed on the stagnating glacier. 
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Ground Moraine 
Ground moraine has generally been defined as low relief 
till plains (Kemmis and others 1981, and Flint, 1971). 
Washboard moraines have often been included in ground 
moraine, because they are low relief features and are often 
associated with broad low relief till plains (Kemmis and 
others, 1981). Four types of landforms were included in 
ground moraine in the study area: washboard moraines, low 
to moderate relief irregular hummocks, low to moderate 
relief ring-shape ridges, and low relief till plains (Plate 
1). These landforms were combined together in one map unit 
because of their gradational nature and similarity (Plate 
1) • 
All these landforms are the result of both subglacial 
and supraglacial processes (Kemmis and others, 1981). The 
thickness of ablation till, left by supraglacial processes, 
was found to vary between O and 3 m. Basal melt-out 
(lodgement) tills, left by subglacial processes, generally 
are low relief to flat deposits. 
Ring-shape ridges are found in areas where ablation 
till is thickest and most continuous (Figure 11). Irregular 
hummocks are in areas where ablation till is relatively 
discontinuous and somewhat thinner (see Figure 12). The 
generally flat to gently undulating topography is 
characteristic of basal melt-out till deposits. The relief 
and type of landform is mostly dependent upon the thickness 
and lateral continuity of the overlying ablation till. 
---
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Fig. 11. Low to moderate relief' ring-shape ridges in sections 
5,8 a.nd 9, T,153N R.71W, Benson County. U.S. Department of Agriculture 
a.irphoto CWK-iW-125. Area. shown is 1,7 km wide. 
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Fig. 12. Low .to moderate xelie:f irregular hummocks in sections 
1 and 12, T,15JN R.71W, Benson County, U.S. Department of Ag:tlcultu:ce 
ai:rphoto CWK-1W-122. Area shown is 2.J km wide. 
50 
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Ground moraine is often superimposed on broader hills 
and valleys, which probably reflect underlying bedrock highs 
and lows, a common situation in the northeastern part of the 
study area. 
Streamlined Longitudinal Ridges 
Streamlined longitudinal ridges are found near the 
Martin end moraine in the southwestern corner of the study 
area (Figure 13). These ridges are cored by deformed 
bedrock or glacial sediment which is covered by a thin 
veneer of glacial sediment deposited by the last advance. 
These ridges generally rise 3 to 7 m above the surrounding 
topography. They are generally 130 to 740 m wide and range 
from 0.25 to 2.5 km long. Most ridges are northwest-
southeast trending, but ridges in the northern part of the 
study area tend to be oriented north-south. Table 4 
summarizes the length, width, and orientation measurements 
for these ridges. 
Similar ridges were observed in Griggs County by 
Clayton and others (1980), who identified them as 
streamlined ice thrust masses. The veneer of glacial 
sediment covering the ridges makes it difficult to determine 
whether these are drumlins consisting of glacial sediment or 
overridden ice thrust masses. Interpreting the ridges as 
consisting of glacial sediment agrees with the glacial 
history of the region better than interpreting them as 
streamlined ice thrust masses. If these features are 
EA 
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Fig, 13, Streamlined longitudinal ridges in sections 4 a.nd 
.5,T.152N R.?JW, Pierce County, U.S. Geological Survey, Balta. South-
east Quadrangle (10 foot contour interval), Glacier flowed south-
east. Area. .sholill is 2 .2 km wide. 
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l Length, Width Table 4 and Orientation of Streamlined Longitudinal Ridges 
i 
I Location Length 1./idth Orientation I 
~. (m) (m) (degrecsU 
I 
I 
T.152N.R. 73W.Sec.4 NE!,; 855 240 315 ! 
T.152N.R. 73W. Sec. 3 NWJ,;/NEJ,; 855 180 315 
T.153N. R. 73W.Sec. 35 NE!,; 420 210 330 
T.152N.R.73W.Sec.3 NEJ,; 760 305 318 
T.152N,R. 73\v.Sec. 3 SW!,;/NE!,; 400 130 320 
'T.152N.R.73W.Sec.2 SW!,; 725 160 305 
T,152N.R. 73W.Sec.ll NE'• 2450 305 290 
'C 
T,152N,R. 73W.Sec.4 SE!,; 420 240 347 
T.152N.R.73W.Sec.4 SW!,; 900 240 330 
T.152N.R.73W.Sec.4 SE!,; 550 180 307 
T.153N,R.73W.Sec.30 1270 480 315 
T.153N,R. 73W.Sec.25 NE!,; 900 305 325 
T.153N,R.73W.Sec.25 NE!,; 550 240 317 
T,153N.R.73W.Sec.21 1450 240 300 
T.152N.R,73W.Sec.12 SW!,; 610 145 316 
- - ------
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streamlined ice thrust masses it would require the ice sheet 
to have retreated to the Mart<n i 
~ ce margin position and then 
to have readvanced several tens f k'l 
the ice thrust masses, o 1 ometres to streamline 
There are several theories for the formatic,
1 
of 
streamlined longitudinal ridges and drumlins; among these 
are, partial erosion, dilatancy and pore water dissipation 
(Menzies, 1979). The latter two theories consider the 
nucleation of drumlins. The corrunon conclusion of these 
theories is that drumlins form in an ice thickness 
controlled stress zone about 20 to 80 km behind the ice 
margin. 
Proglacial Landforms 
Proglacial landforms are generally flat low relief 
features. In the study area they are divided into two 
types, outwash plains and lake plains. They are better 
developed in the eastern half of the study area. 
Outwash plains are low relief flat areas with 
occasional hummocky areas, composed of cross-bedded sand to 
sandy gravel. The two outwash plains in the study area 
extend from their respective end moraines to the south or 
southeast (see Plate 1) and are truncated by abandoned river 
channels to the south, 
Lake plains are low relief flat areas which generally 
occur upglacier from a ridge (see Plate l). Two such plains 
occur in the eastern half of the study area. They are 
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northwest of ice marginal ridges which dammed the meltwater 
of the Leeds lobe and caused these small lakes to form. 
Abandoned River Channels 
There are parts of 5 abandoned river channels within 
the study area. The channels are generally steep-sided, 
flat-bottomed, range from 0.5 to 1.0 km wide, and are 
between 15 and 30 m deep (see Figure 14). These channels 
are incised into bedrock and possibly predate glaciation of 
the ·area. 
Erosional terraces occur along most of the channels 
within the study area at about 478 m (1570) elevation, with 
exception of Big Coulee which has erosional terraces at 
about 499 m (1630 feet) elevation (see Figures 15 and 16). 
Most of these channels are partially buried by glacial or 
fluvial sediment. Buffalo Coulee is partially buried with 
glacial sediment northwest of the study area but not in the 
study area. Partial burial of these channels suggests that 
they are older than the last glacial advance. 
All of the channels in the study area, Sandy Lakes-
North Fork Sheyenne, Buffalo Coulee, Long Lake, Cranberry 
Lake-Trappers Coulee, and Big Coulee, eventually join the 
Sheyenne River channel in southern Benson County (see Plate 
1). One small channel, Petrified Lake channel, connects the 
Long Lake channel with Buffalo Coulee. 
57 
Fig. 14. I.a.rge abandoned river channel (Buffalo Coulee). 
Note terraces at about 479 m (1570 feet) elevation in section 2 
and J, T,1.52N R.'72W, and section J6, T,15JW R.?2W, Pierce County. 
U.S. Geological Survey, Esmond Quadrangle (10 foot contour inter-
val). Points A and B mark end points of topographic profile in 
Figure 16, Area shown is 2 .6 km wide. 
' ., 
> 
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Eleva.tion(m) 
A 
Fig, 15, Topographic profile across Buffalo Coulee 
in section J6 T.15JN. R,72W. (See Figure 14 for location) 
B 490 
480 
470 
460 
450 
440 
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Fig, 16. Terraces along Buffalo Coulee, looking north-
west f'rom section J6, T.15JN R,72W, Pierce County. 
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Eolian Landforms 
Eolian features are the most common in a small area in 
the northwestern corner of the study area where they consist 
of irregular dunes with intermittent blowouts. The irregu-
lar dunes are generally about 250 to 500 m wide and long, 
and 2 to 5 m high (see Figure 17}. Small indistinct dunes, 
generally no more than 100 m wide and long, and 2 to 5 m 
high are scattered throughout the study area. 
Lithostratigraphy 
General 
Five lithostratigraphic units are recognized within the 
study area: Fox Hills Formation, Balta formation, unit B, 
Hansboro Forma·tion, and Oahe Formation. These units are 
recognized on the basis of gross lithology, stratigraphic 
position, similarity of lithologic and textural parameters, 
and fabric. A sixth unit, Dahlen Formation, is observed in 
several test holes, mostly in the southeastern part of the 
study area. 
Fox Hills Formation 
The Fox Hills Formation (upper Cretaceous} underlies 
the Quaternary system in the study area. The Fox Hills 
Formation is exposed in the banks of abandoned river chan-
nels and in ice thrust masses (Plates land 2}. 
6J 
Fig, 17, Pa.xabollc dunes in sections 27 and 28, T,15JN R,7JW, 
Pierce County. U.S. Geological Survey, llalta Quadrangle (10 foot con-
tour interval). Area sho1'11 is J.4 km wide, (Interpretive sketch) 
13 0 
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The Fox Hills Formation consists of fine grained sand-
stones, siltstones, and shale, with occasional ironstone 
concretions (Figures 18 and 19). Transitions between the 
various lithologies of the Fox Hills occur over short 
distances, this is characteristic of marginal marine and 
-~eltaic deposits. 
Coleharbor Group 
The Coleharbor Group (Pleistocene) was originally named 
by Bluemle (1971) as the Coleharbor Formation. It was 
elevated to Group status by Clayton and ,others (1980). The 
Coleharbor Group consists of till (pebble loam), bedded silt 
and clay, and sand and gravel. 
It has been standard proceyaure to include glacio-
fluvial and lacustrine sediments with the overlying till, or 
with the underlying till if no overlying till exists, in the 
same lithostratigraphic unit. Harris (1982, verbal 
communication) mentioned that this procedure is based in 
part on the similarity of very coarse sand lithology 
percentages of the fluvial sediment and the overlying till. 
This convention contrasts with the most common 
interpretation of till-glaciofluvial sediment sequences, in 
which tills generally represent glacial advances and 
glaciofluvial sediment is deposited primarily during 
recession when more meltwater is expected and when the ice 
surface is dirtier, providing more sediment for 
transportation. The sequence deposited by an advance and 
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Fig, 18, Thinly bedded sandstone of the Fox Hills Formation 
in section 22, T,15.'.lN R,'72W, Pierce County, Pick-mattock is 90 cm 
long, 
67 
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Fig. 19. Mud.stone o:f Fox Hills Formation containing 
concretion zone in section 17, T.1,52N R.71W, Benson County, 
(Interpretive sketch) 
69 
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therefore, su.bsequent recession of an ice sheet, would be 
till overlain by glaciofluvial sediment. Despite this 
apparent misinterpretation of the timing of glaciofluvia:, 
sediment deposition I have continued the old convention to 
facilitate correlation with areas outside my own. 
Four informal lithostratigraphic units, and possibly a 
fifth tentatively correlated unit of the Coleharbor Group, 
are recognized in the study area. The units are described 
in ascending stratigraphic order. 
Dahlen Formation (?) 
The Dahlen Formation (?) was observed in eleven test 
holes in the southeastern part of the study area and 
possibly in one test hole the north-central part of the 
area. Cross-sections A-A', B-B', c-c•, D-D' and G-G' (Plate 
4) show that this unit usually occurs in bedrock lows and is 
overlain by the sand and gravel facies of the Hansboro 
Formation. An ice thrust mass of this unit occurs in North 
Dakota State Water Commission test hole 5240 (Cross-sections 
A-A' and B-B', Plate 4). 
The stratigraphic position, regional glacial history, 
and results of one sample analysis support the correlation 
of this lower till with the Dahlen Formation (Woodfordian); 
however, it could be a stratigraphically lower (older) till. 
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Balta formation 
The Balta formation is named for the town of Balta, 
Pierce County, North Dakota. The type area of the Balta 
formation is central and west-central Pierce County. I 
will not designate a type section for the Balta formation 
because once a type section is designated it cannot be 
changed. The presently known exposures of the unit are 
generally poor and the entire formation was not observed in 
any single outcrop or closely spaced group of outcrops, 
which is a requirement of a type section. A reference 
section of the Balta formation is at NEl/4, NWl/4, NWl/4 
section 9 and SEl/4, SWl/4, SWl/4 section 4 T.153 N. R.73 w. 
The Balta formation in the reference section is about 15 m 
thick, consisting of 8 to 10 m of sand overlain by 5 to 7 m 
of clayey silt (Figure 20). 
The Balta formation consists of a medium to coarse 
grained cross-bedded sand, overlain by an olive brown clayey 
silt, exposed along Buffalo Coulee at the western margin of 
the study area, The cross-bedded sand unit of the Balta 
formation appears to be the more widespread of the two 
lithologies. It is overlain by unit B throughout mos·t of 
the western half of the study area (Plate 2). 
Fig. 20, Balta Formation reference section showing lower 
:sa.m unit, upper clayey silt unit, a.m overlying Unit Bin section 
9, T,15JN R.7JW, (Interpretive sketch) 
., 
~ Unit B till 
-
~clayey silt 
Balta sand 
-
Road 
f 
-;; 
Interpretive Sketch 
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The Balta formation may extend into central McHenry County. 
The Balta formation probably was deposited as 
proglacial sediment as the Souris Lobe of the Lostwood 
Glacier receded during early to middle Woodfordian time 
(Moran and others,1976; Clayton and others,1980). The 
medium to coarse cross-bedded sand is probably glaciofluvial 
sediment and the clayey silt was most likely deposited in a 
proglacial lake (Lake Souris I). 
Unit B 
Unit B was originally defined by Kehew (1980) in the 
Minot area as the till which occurs between the Minot and 
Martin ice margin positions. margin position and the 
Martin ice margin position. This unit is the major surface 
unit in the western half of the study area, both behind and 
in front of the Martin end moraine. Behind the Martin end 
moraine, unit B consists of till and associated sand and 
gravel deposits. These deposits are glaciofluvial sediment 
and ice contact deposits. In front of the Martin end 
moraine unit B consists solely of till. 
Table 5 summarizes the texture and very coarse sand 
lithology percentages for unit Band compares them to those 
of other lithostratigraphic units. The total elastic rock 
fragment and shale percentages are generally consistent 
throughout the study area, but both increase over ice thrust 
masses and near bedrock contacts. 
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Tahle 5 
TEXTURE AND VERY COARSE SAND LITHOIOOY MEANS 
OF TILLS OF NORTHEASTEEJ AND NORTH-CENTRA.l 
NORTH DAKOTA 
Texture Lithology-
Unit Sand Silt Cl&y Xtln, 
Unit B 41.27 37,17 21.56 76.6 
(10,5) (na) (8,9) (6.6) 
Hansboro :fm, J0.18 49,07 20.75 J6,8 
(8,J) (na) (8.2) (7,4) 
Hansboro :fm. JJ.41, 40.19 26.35 70.1 
low shale (8,4) (na) (8.4) (11.6) 
:facies 
Hansboro :fm. 28 J8 J4 50 
Hobbs (1975) (na) (na) (na.) (na) 
Unit B JJ.4 39,7 26,9 74,J 
Kehew (1981) (6.5) (J,8) (5.8) (4.1) 
All values are normalized percentages. (na) not available, 
Standard deviations in :parentheses. 
Carb. 
21.J 
(5,2) 
2J,0 
(4.8) 
25.8 
(11.1) 
27 
(na.) 
28.J 
(7.J) 
Shale n 
2.1 39 
(4.0) 
40.2 9 (8,4) 
4.1 18 
(J,J) 
2J 'na) (na) 
4.J ~ 
(2 ,5) 
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The tills of unit Bare divided into two types, loose 
sandy till and finer grained compact till. The loose sandy 
till is generally bouldery, and sand lenses commonly occur 
within it. It is generally less than 2 m thick and is 
always found overlying the finer grained more cc~pact till 
of unit B. 
The more compact till of unit Bis present throughout 
most of the western half of the study area. It is 
characterized by its low shale content and high crystalline 
rock fragment content. The till has a fabric which is 
cons is tent throughout its extent in the study area; 
supporting the conclusion that it was deposited by a 
southeast flowing glacier (see Figures 21 and 22). The 
fabrics of both unit Band the Hansboro Formation will be 
discussed in detail later, 
Unit B was probably deposited by the Souris lobe as it 
receded, readvanced and receded again during late Woodford-
ian and possibly early Twocreekan time, concurrently with 
the Hansboro Formation. The age interpretation of this unit 
has been determined from the regional glacial history 
proposed by Moran and others (1976) and Clayton and others 
(1980). 
Hansboro Formation 
The Hansboro Formation was defined by Hobbs (1975) as a 
tripartite unit consisting of an upper clay, middle pebble 
loam (till), and lower sand and gravel. The middle pebble 
loam (till) unit is the most distinctive unit of the 
R,7JW 
I:{ 
N 
I 
R.72W R,71W R,?OW 
1 cm= 1 mile 
Fig, 21, Rose dia.g:ra.m of. till micro- and macrofa.bric a.na.lyses in southeastern Pierce 
and southwestern Benson Counties, North Dakota, with center positioned according to sample 
location. Each sample represents a 50- stone sample, unless indicated otherwise. 
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Fig, 22, Stereonet plots of till macrofabric analyses, Ea.ch plot 
represents a 50- stone sample, Contour interval is 1% per 1% area. 
T, 154N 
T, 15JN 
oi 
T, 1.52N 
.. ~ 
,,J 
~ 
I' I 
• 
' ' 
I~ 
,, 
I 
' 
79 
Hansboro Formation, and is characterized by its very coarse 
sand lithology, as shown in Table 5. 
The Hansboro Formation is the most widespread surficial 
unit in the eastern half of the study area, where it 
consists of till (pebble 
gravel (see Plate 6 
I 
•• 
loam), silty clays, ana sand and 
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Hansboro Formation, and is characterized by its very coarse 
sand lithology, as shown in Table 5. 
The Hansboro Formation is the most widespread surficial 
unit in the eastern half of the study area, where it 
consists of till {pebble loam), silty clays, anct sand and 
gravel (see Plate 2). The till of the Hansboro Formation is 
divided into two types based on texture and compactness, a 
loose sandy till and a silty compact till, The compact till 
is generally less than 2 m thick and is associated with low 
to moderate relief hummocks. This till is always found 
overlying the silty compact till. 
The silty compact till is found throughout the eastern 
half of the study area, and is generally associated with 
transverse ridges and low relief till plains. This till is 
also characterized by a fabric which indicates that it was 
depostied by a southwest advancing glacier, 
In addition to the two types, the tills of the Hansboro 
Formation have been divided into two facies based on very 
coarse sand lithlogy: low shale facies and the more typical 
Hansboro Formation. The low shale facies besides being 
characterized by lower shale content, also has higher total 
elastic and higher crystalline percentages {see Table 5). 
This facies occurs in the western two-thirds of the Hansboro 
Formation. The significance of the variation of the 
Hansboro Formation will be discussed later. 
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· H b Format1.'on occurs along the eastern The typ1.cal ans ore 
edge of the study area and along the Heimdal end moraine. 
The very coarse sand lithologic percentages are similar to 
those described by Kehew (1981) and Hobbs (1975) (see Table 
5) • 
The Hansboro Formation was probably deposited during 
the recession, readvance and final recession of the Leeds 
lobe during late Woodfordian and possibly early Twocreekan 
time, concurrently with the deposition of unit B. This 
correla.tion and age determination is based on the similar 
stratigraphic position of these units and regional 
correlation of the Heimdal and Martin end moraines, 
according to Clayton and others (1980) and Moran and others 
(1976). 
Oahe Formation 
The Oahe Formation (Holocene) was originally defined as 
consisting of silt and fine sand (Clayton and others, 1976). 
They suggested that the Oahe Formation was largely eolian in 
origin, with some fluvial and lacustrine sediments. Bluemle 
and others (1980) expanded the Oahe Formation to include all 
of the Holocene sediments: clean silts, fine sand, clayey 
silt, organic-rich clay, and sand and gravel. Four facies 
of the Oahe Formation are recognized in the study area: 
fine sand, clean silt, clayey silt, and organic-rich clay. 
The fine sand facies occurs in the northwestern corner of 
the area as well as a few scattered sites throughout the are 
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(Plate 2). These fine sand deposits are interpreted to be 
eolian in origin; irregular dunes are common features of 
this facies. These deposits were included in the Denbig'.i 
formation (Bickley, 1972). 
The silt facies of the Oahe Formation occurs throughout 
the study area as a thin veneer of black silt. Thicker 
accumulations are often found on the lee side of hill 
crests; these deposits are often indistinctly crossbedded. 
The sediments are presumed to have been derived from recent 
wind erosion of cultivated fields. 
The clayey silt facies of the Oahe Formation occurs 
most commonly below 472 m elevation; it is also found in 
some large depressions above that elevation. These deposits 
are largely lacustrine in origin. The sediment is mostly 
derived from slopewash. 
The organic-rich clay facies of the Oahe Formation 
consists of black, sticky organic-rich clays. These sed-
iments were deposited in sloughs, and they are often asso-
ciated with the clayey silt facies. 
Glacial History 
The glacial sediments of the study area were deposited 
during the retreat of the Lostwood glacier during Late Wis-
consinan time. The first phase of the glacial history, the 
Grace City phase, is depicted in Figure 23. The Missouri 
escarpment acted as a buttress to the Lostwood glacier and 
Fig, 2J. Lostwood glacier at the Grace city ice margin. 
The glacier is flowing to the southeast because the Missouri 
Coteau acted as a buttress to glacier flow, 
Expla.nation 
Active ice 
Dead ice ~ Direction of ice flow 
End moraine 
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caused it to flow in a southeasterly direction, as is 
suggested by the drumlins in Wells and Pierce Counties 
(Figure 24). 
Following the Grace City phase, the ice sheet became 
too thin to override the Turtle Mountains and therefore 
split into the Leeds and Souris lobes. The Leeds lobe 
receded to the Heimdal ice margin as the Souris lobe receded 
into the Souris Basin, to the northwest. Two distinct 
layers of u.nit B are shown in cross-section F-F' (Plate 4). 
The lower layer was probably deposited during this recession 
of the Souris lobe. Also, the tills of unit B south of the 
Martin end moraine were most likely deposited during this 
initial stage of unit B deposition. 
As the Souris lobe wasted back from this position the 
meltwater was dammed behind a drainage divide in the area of 
the Martin ice margin: glacial Lake Souris I formed (see 
Figure 24). The Balta formation was deposited during this 
phase. The Leeds lobe may have also receded during this 
time, as glaciofluvial sediment in cross-section A-A' 
suggests. However the timing and magnitude of this event 
are uncertain. 
Buffalo Coulee, the Sheyenne River channel, and the 
Heimdal diversion channel are all bedrock floored and 
contain no glaciofluvial sediment. This suggests that these 
channels were not meltwater channels but instead, were 
Lobe. 
Fig, 24, Lake Souris I after the fi:rst recession of Souris 
Active ice 
Dead ice 
End moraine 
Outwash 
Glacial lake 
Explanation 
Streamlined longitudinal ridges 
Direction of ice flow 
Wash board moraine 
Abandoned river channel 
Drainage direction of catastrophic 
flood 
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-~- - - ,,. - \ -:-1.... 
- - / ' -- ,, ,, 
Sheridan Co. 
... 
C 
87 
db more larg e short duration flood or floods. erode y one or 
The catastrophic drainage of glacial Lake Souris I could 
have been responsible for such a large short duration flood. 
There are three possible ways flood waters of Lake Souris I 
could have drained through the Heimdal diversion channel and 
the Sheyenne river channel. The first requires two floods 
and an intervening recession of the Leeds lobe. The first 
flood would have occurred while the Leeds lobe was at the 
Heimdal ice margin position. The flood waters would have 
flowed through Buffalo Coulee into the Heimdal diversion 
channel. Then, as the Leeds lobe receded north of the 
Sheyenne River channel a second flood would have occurred 
eroding the Sheyenne River channel. 
The second hypothesis is that the Leeds lobe had 
receded from the Heimdal ice margin position to the north of 
the Sheyenne River channel when the flood waters from the 
drainage of Lake Souris I overwhelmed the existing drainage 
paths and flowed through both the Sheyenne River and Heimdal 
diversion channels simultaneously. 
The third hypothesis is that drainage of glacial Lake 
Souris I was through the Heimdal diversion channel 
initially, then through the Sheyenne. This hypothesis 
requires the Leeds lobe to have receded north of the 
Sheyenne River channel, leaving stagnant ice in the channel. 
Flow in the Sheyenne River channel was initiated as the 
flood waters dislodged the stagnant ice. 
-~ 
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These hypotheses can be tested by studying the terraces 
along the Sheyenne River channel, Heimdal diversion channel 
and Buffalo Coulee, as well as by looking for evidence of an 
ice margin between the North Viking end moraine and the 
Sheyenne River channel. Evidence of an ice margln between 
the Sheyenne River channel and the North Viking end moraine 
would support the first hypothesis. Evidence of two Lake 
Souris I floods would also be useful. The second and third 
hypotheses could be tested by comparing the terrace levels 
of these two channels. If flow occurred through both 
channels at the same time, the terrace levels should be 
similar. 
The terrace along the Heimdal diversion channel is 
about 482 m (1580 ft.) elevation. The terrace along the 
North Fork of the Sheyenne River is about 482 m (1580 ft.) 
elevation near the junction with the Heimdal diversion 
channel, but about 470 m (1540 ft.) elevation farther to the 
east. The terraces along both channels are about 30 m (100 
ft.) above the channel floors. The apparent similarity 
between the channels suggests that these channels were 
formed by a single large short duration flood which 
overwhelmed the existing drainage paths and eroded the 
channels and terraces, as suggested by the second 
hypothesis. The relationships between the abandoned river 
channels south and east of the study area are complex, and 
detailed study of these channels, terraces, and related ice 
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margins is required in order to clearly define these rela-
tionships. 
During late Woodfordian and possibly early Twocreekan 
time the Martin end moraine was formed and Buffalo Coulee 
from Girard Lake north was buried or partially buried (see 
Figure 25). As the Souris lobe ablated back from the Martin 
ice margin glaciofluvial sediment was deposited in Buffalo 
Coulee (see Plate 1). The meltwater generated by the 
ablation of the Souris lobe was dammed behind the divide 
northwest of the Martin end moraine, and Lake Souris II 
formed (see Figure 26). 
Kehew (1981, verbal communication) believes that Lake 
Souris II drained through the Souris River channel and 
ultimately into Lake Agassiz through the Pembina spillway in 
northeastern North Dakota. This implies that the drainage 
of glacial Lake Souris II occurred after the ice had wasted 
back into what is now Canada. 
Post-Glacial Geology 
The post-glacial deposits of the study area can be 
divided into three facies: fine eolian sand, lacustrine-
slopewash, and eolian silt deposits. 
Shortly after the glaciers receded from the study area, 
the climate became much the present-day climate. Bickley 
(1972) designated this as this episode. During this episode 
slopewash was the dominant process providing silty clay to 
many small lakes and sloughs. Bickley (1972) suggested that 
... 
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Fig, 25, Ice margin s',fter readvance of Souris k ue to 
Martin ice margin position. 
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Dead ice 
End moraine 
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Drainage direction of catastrophic 
flood 
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about 8,500 yrs. b.p. the climate became significantly 
warmer and drier; he designated this as the Wolf Creek 
unstable episode. From then to about 4,500 yrs. b.p. eo:ian 
processes were dominant1 the prevailing westerly winds 
eroded the lake sediments of the exposed Lake Souris plain, 
depositing the fine sand facies of the Oahe Formation. 
About 4,500 yrs. ago the present-day climate developed 
and lakes and sloughs reappeared. More clayey silt and 
organic-rich clays were deposited. Eolian silt deposits 
(most likely the youngest deposits in the area) were mostly 
deposited in the last 100 years when cultivation of the area 
first began, causing exposed fields to be eroded readily by 
winds. 
DISCUSSION 
Origin of Till 
Tills have been divided into three genetic types: basal 
melt-out (lodgement), ablation, and waterlain (Dreimanis and 
Vangers, 1971). Basal melt-out (lodgement) tills are 
deposited at the base of a glacier. Three processes are 
involved in the deposition of such a till: pressure melting, 
basal shearing, and lodgement (Boulton and Paul, 1976). 
This type of till is derived largely from englacial debris 
which melts out along the base of the glacier. The sediment 
is then sheared along the glacier bed until the tractive 
force of the glacier is insufficient to overcome the 
frictional drag of the glacier bed, at which time subglacial 
. debris lodges. 
Ablation tills are deposited at the surface of the 
glacier as the ice melts. Sever.al supraglacial processes 
occur after the englacial debris melts out. Among these 
are: fluvial erosion and qeposition, flowage, dumping, and 
soil creep (Boulton, 1972, and Boulton and Paul, 1976). 
Waterlain tills are deposited in standing water, 
largely by dumping (Francis, 1975). The two processes 
involved in the deposition of these tills are settling and 
resedimentation by flowage, Francis (1975) noted that 
strong fabrics of waterlain tills are often the result of 
redeposition by flowage. 
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Clayton and others (1980) and Carlson and Freers (1975) 
bOth interpreted the tills of the area as ablation till or 
collapsed glacial sediment. The collapsed glacial sediment 
was divided in three groups: ring-shaped hummocks, simple 
hummocks, and transversely elongated hummocks (Clayton and 
others, 1980). Several authors have suggested that ring-
shape ridges and simple hummocks are the result of ablation 
till being deposited over a karst-like supraglacial surface 
(Kemmis and others, 1981; Clayton and others, 1980; and 
Gravenor and Kupsch, 1959). Variation in the sediment 
thickness causes differential ablation, forming new 
depressions into which the supraglacial till flows (Clayton 
and others, 1980; and Clayton and Moran, 1974). This 
process continues until the till is finally deposited on the 
subglacial surface. 
Transversely elongated hummocks were interpreted by 
Clayton and others (1980) to be formed by the same 
supraglacial processes responsible for the ring-shape ridges 
and simple hummocks. They proposed that these hummocks 
result from melt out of transversely oriented englacial 
debris bands and flowage into parallel depressions in the 
supraglacial surface. Similar features have been 
interpreted by other authors to be washboard moraines 
deposited at the base of the glacier (Sugden and John, 1976, 
and Embleton.and King, 1975). I have personally seen 
similar features at the snout of Athabasca Glacier, which 
were largely the result of basal melt-out. 
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Differentiation of Ablation 
and Basal Melt-out (lodgement) Tills 
Several authors have used a variety of properties to 
differentiate ablation till from basal melt-out (lodgement) 
till1 among these are: texture, fabric, and compactness 
(Dreimanis, 19761 Drake, 1971; and Flint, 1971). Drake 
(1971) and Dreimanis (1976) distinguished ablation tills 
from basal melt-out (lodgement) tills using textural data. 
They observed that ablation tills have higher sand content 
than basal melt-out (lodgement) tills. This is attributed 
to washing of the fines from the supraglacial debris by 
supraglacial streams and flowage. 
Coarse grained loose tills were found overlying finer 
grained more compact tills in several exposures in my area 
(T. 15 2 N. , R. 71 W. , I sec • 2 nw 1/ 4 T. 15 2 N. , R. 7 2 W. , 
sec. 15 NW 1/41 T. 152 N., R. 73 w., sec. 14 SE 1/4 and T. 
154 N., R. 70 W. sec 27 NW 1/4). The upper coarser looser 
tills are generally less than l m thick and often contain 
sand lenses. The textural characteristics of samples taken 
from these outcrops, ring-shape ridges and irregular 
hummocks, are shown in Figure 27. This plot shows results 
similar to those of Dreimanis (1976)' and Drake (1971). This 
supports the interpretation of these thin discontinuous 
tills as ablation tills. Another interpretation of this 
till is that it represents a lag concentration of frost 
heaved boulders, cobbles, and pebbles derived from the finer 
grained more compact tills. This would explain the textural 
Explanation 
o Typical Hansboro Formation, compact silty till. 
•Hansboro Formation, loose sandy till • 
.t.Low shale facies of Hansboro Formation. 
ounit B, compact finer grained till, 
•Unit B, loose sandy till. 
10 
percent clay 
50 
I 
90 
• 
50 
percent sand 
10 
Fig. 27, 1'riangular plot of texture data for tills 
of Unit Band the Hansboro Formation. 
99 
difference between the two layers, but not the greater 
tendency for sand lenses to occur in the upper layer. The 
sand layers may be the supraglacial channel deposits 
(Boulton, 1972). 
Till fabric and till genesis 
Boulton (1971) characterized the fabric of a variety of 
ablation (flow) and basal melt-out (lodgement) tills. 
Ablation or flow till fabrics consist of maximum fabrics 
which vary in orientation depending on the particular flow. 
With one possible exception, these fabrics only by 
coincidence would correspond to the flow direction of the 
glacier (Boulton, 1971). Boulton (1971) showed that the 
long axes of elongate stones plunge radially away from the 
center of a flow. Boulton (1971,1972) suggests that flow or 
ablation till fabrics may be related to the flow direction 
of the glacier if the till is deposited on a supraglacial 
topography dominated by ridges of englacial debris. In this 
situation supragalcial till flows into intervening 
depressions. The resulting fabrics will be parallel to the 
flow direction of the glacier, but the plunge of the long 
axis of the grains may be either up-glacier or down-glacier. 
Boulton (1971) also observed that tills deposited at 
the base of the glacier are obviously influenced by 
subglacial stresses. The till fabrics developed at the base 
of a glacier are related to ice flow direction and 
topography of the glacier bed (Boulton, 1971). He, and 
, 
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Drake (1971), characterized typical basal melt-out 
(lodgement) till fabrics as consisting of two components, 
elongate stones whose long-axes plunge up-glacier and stones 
whose long axes are transversly oriented and plunge in 
either direction. Several authors have used basal melt-out 
(lodgement) till fabric to determine the direction of flow 
of Pleistocene glaciers (Drake, 1971; Evenson, 19711 and 
Pessl, 1971). Young (1969) observed considerable variation 
in till macrofabric over short distances; vertical variation 
was found to be more dramatic than than horizontal 
variation. His fabric plots appeared to show changes from 
up-glacier plunge maxima fabrics to cross-fabric maxima. 
This sort of variation necessitates careful analysis of till 
fabric data before ice flow direction can be determined 
using fabric data. 
Tills in the study area exhibit fabrics similar to the 
basal melt-out (lodgement) tills described above. Figures 
21 and 22 show the consistency of the till fabrics behind 
each of the end moraines. The similarity of these fabrics 
to basal melt-out (lodgement) till fabrics in the liter-
ature, and their consistency with the ice marginal landforms 
suggests that these tills are indeed basal melt-out 
(lodgement) tills. This till type appears to be the most 
common one throughout the study area (see Plate 1). 
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Lithostratigraphy of Glacial Deposits 
Introduction 
Lithostratigraphic units should be used carefully in 
reconstructing the glacial history of an area, because more 
than one lithostratigraphic unit may have been deposited by 
a single event. The Hansboro Formation and unit Bare an 
example of two distinct units which were deposited by a 
single event, the recession and minor readvance of the Leeds 
and Souris lobes. 
Criteria used to Differentiate Lithostratigraphic Units 
Six criteria were used to differentiate the 
lithostratigraphic units of the study area: stratigraphic 
position, very coarse sand lithology, texture, gross 
lithology, till fabric, and geomorphic features. Very 
coarse sand lithology and till fabric were the most useful 
criteria for differentiating the Hansboro Formation from 
unit B, It has been established by several authors 
(Dreimanis, 1976; Flint, 1971; and Dreimanis and Vangers, 
1971) that the coarse fraction of tills is derived largely 
from local (within 60 or 70 km) preadvance sediments or 
rocks. The lithologic differences between the Hansboro 
Formation and unit B reflect the differences in their 
provenance (see Figure 28). The Hansboro Formation was 
derived locally from the Pierre Shale, a noncalcareous, 
marine shale and the Fox Hills Formation, a nearshore marine 
s 
10£ 
Explanation 
DTypical Hansboro Formation, compact silty till, 
aHansboro Formation, loose sandy till, 
ALow shale facies of Hansboro Formation. 
o Unit B, compact finer grained till. 
•Unit B, loose sandy till. 
percent -percent carbonate 
90 
tl 
u 
D D 
D 
D 
50 
percent crystalline 
10 
Fig, 28. Triangular plot of very coarse sand 
lithology of Unit Band Hansboro Formation, 
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sandstone, siltstone, and shale. Unit B was derived locally 
from the Fox Hills Formation, and the Hell Creek Formation, 
fluvial sandstones, siltstones, mudstones and lignites, and 
probably some of the Tertiary fluvial sandstones, 
siltstortes, mudstones, and lignites (Bluemle, 1981a). The 
Hansboro Formation is generally higher in shale and lower in 
crystalline rock fragments than unit B. These differences 
are consistent with the provenance of these units. Higher 
shale content is expected in till derived from shale. 
Conversely higher crystalline rock fragment content is 
consistent with till derived from sandstones. The lower 
shale content of unit B also causes a relative increase in 
other lithologic percentages. 
The variation o~ the very coarse sand lithologies of 
these units is generally low and the units are consistently 
different from each other. However, several lithologic 
trends do exist within both units. The shale and total 
elastic rock fragment percentages tend to be higher in 
samples collected from ice marginal deposits as end 
moraines, washboard moraines, and tills associated with ice 
thrust masses (see Plate 2). This trend suggests that ice 
marginal processes enrich ice marginal zone tills with 
locally derived bedrock fragments (Fox Hills Formation). 
Clayton and Moran (1974) proposed that quarrying is a common 
process in the ice marginal zone of a glacier. Quarrying is 
a process which would enrich the ice marginal zone tills 
with local bedrock fragments. 
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Higher total elastic and shale percentages were also 
noted in till samples from less than 1 m above a contact 
with the Fox Hills Formation. In some of these samples the 
normalized crystalline, carbonate, and shale percentages 
were consistent with surrounding tills. The total elastic 
percentage was much higher than surrounding tills. This 
suggests that the lower 1 m of till may have been derived 
from material sheared along the base of the glacier and not 
carried as englacial debris. 
Within the Hansboro Formation there is a general 
westward decrease in shale and total elastic percentages 
(see Plate 2). This decrease from east to west caused me to 
define the low shale facies of the Hansboro formation. 
Three hypotheses have been suggested to explain this 
decrease. The first is based on the observations of 
Dreimanis and Vangers (1971). They observed that the mean 
grain size of a particular lithology decreased with 
increasing distance away from the outcrop area of that 
lithology. This hypothesis involves the increasing distance 
from the Pierre Shale subcrop area to the west, from 5 to 20 
km. Because the distance from the Pierre Shale subcrop 
increases to the west it seems reasonable to expect the mean 
grain size of Pierre shale clasts to decrease, therefore 
concurrently decreasing the number of shale fragments in the 
very coarse sand fraction. Lithologic analysis of several 
grain size fractions, as done by Dreimanis and vangers 
(1971), may be useful in testing this hypothesis further. 
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The second hypothesis involves the greater abundance of 
ablation till in the western part of the Hansboro Formation. 
This suggests that there may be a lithologic difference 
between the ablation·till and the basal melt-out (lodgement) 
till of the Hansboro Formation. Figure 28 compares the very 
coarse sand lithologies of basal melt-out (lodgement) tills 
and ablation tills, and the ablation till samples show a 
general increase in crystalline rock fragments over the 
basal melt-out (lodgement) tills. This hypothesis could 
explain some of the low shale facies but not all of it. The 
lower shale percentages for ablation till is the result of 
attrition of shale fragments during supraglacial fluvial 
transport and frost fracturing of shale fragments. 
The third hypothesis, proposed by Kehew (1981, verbal 
communication), suggests that the low shale facies of the 
Hansboro Formation is actually part of unit B, which was 
deposited as the Souris lobe overrode the Heimdal end 
moraine. The very coarse sand lithologies of unit Band the 
low shale facies of the Hansboro Formation and unit Bare 
not significantly different, they are different however (see 
Figure 28). 
I favor the first hypothesis, because it is best 
supported by the literature and the data. The second 
hypothesis may explain some of this shale decrease but 
probably not a. 11 of it. Th th" d h e ir ypothesis is supported 
only by the apparent similarity of the unit Band the low 
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shale facies of the Hansboro Formation; however, there is no 
geomorphic evidence to support this hypothesis. 
Till Fabric Analysis 
Till fabric analysis was very useful in distinguishing 
unit B and the Hansboro Formation, and de termini 01.g the 
direction of advance of the lobes responsible for them. 
Microfabric and macrofabric results (Figure 22) supported 
each other and were consistent with geomorphic evidence and 
very coarse sand lithology evidence of ice flow directions. 
The stone orientations appeared to be relatively free of the 
effects of frost heave even though most of them were above 
the base of frost penetration (1,5 m). 
Preparation of till microfabric samples requires 
preservation of the original orientation of the sample and 
successful impregnation of the samples. If either of these 
requirements is not met the accuracy of the microfabric data 
is jeopardized. Another concern in microfabric analysis is 
obtaining large enough vertical thin sections to determine 
the plunge of the grains. In order to ensure accurate 
microfabric analyses, multiple samples should be obtained at 
each site. The microfabric plots in Figure 21 were 
generated from horizontal thin sections only because of 
problems obtaining large enough vertical thin sections to 
determine plunge of the grains, and problems retaining the 
original orientation of the samples. 
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Texture 
The Hansboro Formation and unit Bare texturally 
similari however, as Figure 27 shows, the Hansboro Formation 
is more silty and clayey than unit B •. Flint (1971) noted 
that the crushing characteristics of the local preadvance 
sediment or rock determine the textural characteristics of 
the local tills. 
Traditionally, texture has not been used to 
differentiate the Pleistocene lithostratigraphic units in 
North Dakota and surrounding areas because the textural 
differences have not been distinctive enough. This is 
generally the case in the study area. It seems reasonable, 
however, to expect some textural change in tills derived 
from varying preadvance lithologies as in the study area. 
The textural differences between the Hansboro Formation and 
unit B appear to reflect differences in provenance. The 
Hansboro Formation was derived from siltier sediments than 
unit B, (see Figure 27) • 
Glacial Landforms 
Glacial landforms can be useful in stratigraphic 
correlations of drift and determination of ice flow 
directions. End moraines, for example, are often used for 
such correlations. Transverse and longitudinal ridges are 
also useful indicators of ice flow direction. 
Clayton and others (1980) and Moran (1971) both recog-
nized palimpsest landforms, those which existed prior to the 
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last advance and were covered by a thin veneer of glacial 
sediment during the last advance. These features can cause 
difficulty in reconstructing the glacial history of an area 
if they are not recognized as palimpsest features. 
Glacial landforms are often indicative of till genesis, 
too. Table 6 summarizes the relationship between glacial 
landforms and till genesis. Finally, glacial landforms are 
often used as field indicators of geotechnical properties of 
glacial sediments (Kehew, 1980). 
Evidence for Catastrophic drainage of Glacial Lake Souris I 
The Sheyenne River channel, the Heimdal diversion 
channel and Buffalo Coulee southeast of Girard Lake are 
floored by the Fox Hills Formation. These channels are 
suprisingly devoid of glaciofluvial sediment. The meander 
lengths of these channels are l 1/2 to 2 times longer than 
normal meander lengths (Drury, 1964). Drury suggested that 
this was the result of higher discharges during Pleistocene 
time due to both drainage of Lake Souris and to meltwater 
from the wasting ice sheet. 
,. 
' 
.. 
Table 6 
!~---------------------------··---~·-
Relationship Between La.ndf'orms and 
l. Type of Till 
----·------------r------- --------- ---+ 
La.ndform Description 
Circular or ring-shape ridges 
(mode:cate to high relief) 
Low to modemte relief 
irregular hummocks 
Low relief flat plains 
Low to mode:cate relief 
t:cansverse ridges 
Type of Till 
Ablation till 
Thin discontinuous ablation till 
capping basal meltout (lodgement) 
till 
Basa.l meltout (lodgement) till 
Basal meltout (lodg8lllent) till 
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Kehew (1979) studied the Souris and Des Lacs channels 
of north-central North Dakota. He characterized these 
l ~ channels as deep, wide channels, flanked by broad erosional 
terraces which cross drainage divides. He attributed these 
features to a rapid single occurrence flood accompanying the 
catastrophic drainage of Glacial Lake Regina. 
Buffalo Coulee exhibits several features similar to 
those observed by Kehew (1979), high level erosional 
terraces along the channel, broad and deep channels (up to l 
km wide and 30 m deep); and a divide crossing. Another 
feature noticed (shown in cross-section F-F' Plate 4) is a 
deep channel cut in the Fox Hills Formation which contains a 
fining upward sequence, in turn, buried by glaciofluvial 
sediment deposited by the final recession of the Souris 
lobe. This sequence consists of gravel at the base and 
grades upward to fine sand and silt. The features of 
Buffalo Coulee, the Sheyenne River channel, and the Heimdal 
diversion channel can be explained most simply by a 
catastrophic flood from glacial Lake Souris I. 
I 
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SUMMARY AND CONCLUSIONS 
The drifts of the Leeds and Souris lobes (Hansboro 
Formation and unit B) were differentiated using very coarse 
sand lithology and till f.:ibric, Till fabric was a useful 
technique for differentiating the tills of the two lobes. 
The till of unit .B exhibited a fabric that suggested it was 
deposited by a southeast-flowing glacier. The till of the 
Hansboro Formation exhibited a fabric that suggested it was 
deposited by a southwest-flowing glacier. 
very coarse sand lithology is the most widely used 
parameter for differentiating and correlating Pleistocene 
units in North Dakota. It was also found to be useful for 
differentiating the drifts of the two lobes within the study 
area and correlating these drifts with units in other areas. 
Table 5 summarizes the differences between the very coarse 
sand lithology of the tills of the Leeds and Souris lobes. 
Several trends in the variation of the very coarse sand 
lithology were observed. One of the most prominent trends 
is an east to west decrease in the shale percentage of the 
tills of the Hansboro Formation. This trend is most easily 
explained by progressive comminution of shale fragments as 
the distance from the western limit of the Pierre Shale 
subcrop increased. A trend observed in tills of both lobes 
is an increase in the total elastic rock fragment percent-
ages in ice marginal till deposits. These percentages also 
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increases sharply in samples from within l m of the bedrock 
contact. 
Previous studies (Clayton and others, 1980, and Carlson 
and Freers, 1975). have interpreted the tills of the study 
area to be ablation tills. This was based largely on the 
similarity of landforms to those of modern analogs such as 
Svalbard Glacier and Martin River Glacier (Boulton, 1972, 
and Reid, 1967). The correspondence of the till fabric data 
with the previously inferred flow directions (Clayton and · 
others, 1981) of the Leeds and Souris lobes suggests that 
these tills are basal melt-out (lodgement) tills instead of 
ablation tills. However, ablation tills were observed 
within the study area: these tills are generally looser, 
more bouldery, sandy·, and discontinuous in comparison to the 
basal melt-out (lodgement) tills. The textural difference 
between these is shown in Figure 27. 
The drifts of the Leeds and Souris lobes were deposited 
during late Woodfordian and early Twocreekan recession, 
readvance, and final recession of the Leeds and Souris 
lobes. Figure 29 summarizes the glacial stratigraphy and 
history of the study area. Two distinct glacial Lakes 
Souris formed during each of the recessions of the Souris 
Lobe. These lakes formed as the meltwater of the Souris 
lobe was dammed behind the Martin ice margin. 
I Chronostratigraph1c Time-distance diagram Unit deposited 
: Unit w E 
Alternating stable and Clay and organic-rich 
unstable climatic clay facies of Oahe 
episodes. Forma.tior. 
Holocene Wolfareek unstable Fine sand facies of 
episode Oahe Formation. 
leona:rd. stable episode Clay and organic-rich i 
! Greatlakean clay facies of Oa.he 
1?-?-? 1--- Formation. 
': 
: Souris Leeds Unit 
Lobe Lobe B 
. 
Twocreekan 
-
Hansboro 
•- Lake 
? Balu ?-?-? Souris I : Fm. Fm. 
~ 
Souris Leeds Unit 
Lobe / Lobe B Woodfordian 
Lostwood glacier Lobe Dahlen 
Formation 
Fig. 29. Time-distance diagram and stratigraphic column 
of study area. 
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Both glacial Lakes Souris appear to have drained 
rapidly and eroded large river channels. Lake Souris I is 
concluded to have drained rapidly and eroded Buffalo Coulee 
and parts of the Sheyenne River channel. Lake Souris II 
drained to the north through the Souris River channel and 
Pembina spillway (Kehew, 1981, verbal communication). 
The post-glacial deposits of the area consist of 
lacustrine, slough, and eolian sediments. These deposits 
reflect the climatic changes that occurred during the 
Holocene. The lacustrine and slough sediments were 
deposited when the climate was similar to today, from 10,000 
to 8,500 and from 4,500 yrs. b.p. to the present. Most of 
the eolian sediments were deposited between 8,500 and 4,500 
yrs. b.p., when the climate was effectively more arid and 
probably warmer than it is today. 
Lithostratigraphic and geomorphic mapping of the 
deposits in the study area has resulted in a clearer 
understanding of the geologic and climatic events of the 
Quaternary of north-central North Dakota. 
APPENDICES 
APPENDIX A 
Lithology and Textural Da. ta. 
of Pebble Loam Samples 
I 
! 
~-
<:J, 
Lithology and Textural Data of Pebble Loam Samples 
Texture Lithology 
Local 
Sample Lo ca ti.on Sand Silt Clay Crys tln. Carbonate Shale Bedrock 
Number 
DS-10 TA19: Tl52NR7 /W / 11 /SE 30. 71 39, 16 30.13 
DS-11 TA19: T152NR7/W/ll/SE 42.04 34.04 23.94 37. 1 25.4 36.9 
166 Tl52NR70W/8/NE/NE/NE 25.06 52.65 22.29 L,2. 2 28.S 29. 5 29.6 
167 Tl52NR70W/8/SE/SW/SE 26.10 47.51 26.38 61. 5 32. 3 6.2 6.6 
212 Tl52NR71W/2/N11 /NE/SW 30.09 46.54 23.26 32.9 22.4 45.0 45.7 
210 Tl52NR71W/7 /NII/NE/N1? 24.52 58,04 17.44 36.6 3.2 46.9 89. 7 
208 T152NR71W/14/SE/NE/NE 32.50 38.12 29.38 54.1 , 38. 8 7.0 7.6 
207 Tl52NR71W/15/NE/NE/NW 31. 68 53,23 15.09 39. 4 32.2 28.4 29.0 
115 Tl52NR72W/6/NE/NW /NE 41.14 34.01 24.84 79. 7 20.3 0.0 9.8 ... .... 
25 T152NR72W/7/NW~/SW~ 46.95 38. 5 7 14.46 76. 3 23.1 0.6 0.6 '-l 
114 Tl52NR72W/8/SW/SE/SE 35.89 36.00 28.10 74. 7 25,3 0.0 4.0 
219 Tl52NR72W/ 8/NW/NE/NE 36.16 34. 97 28.86 81.5 15.2 1. 9 3.3 
121 Tl52NR72W/10/NE/SE/SE 24.80 57. 76 17.44 87.3 12. 7 o.o L 8 
221 Tl52NR72W/12/NW/NE/SE 41.98 38.05 19. 9 7 66.2 14.4 19.5 21.5 
119 Tl 52NR72W/ 15/NW/Nl,/NW 63.37 20.96 15.67 82.8 17.2 0.0 70. 3 
117 T152NR72W/15/NW/NW/NW 39.87 33.21 26.92 i5.6 13.9 0.5 3.0 
220 Tl52NR72W/17/SE/SE/SE 28.12 40.83 31.05 72.0 26.3 1. 6 2. 7 
30 Tl52NR72W/18/SW/SW/SW 49.94 30. 20 19, 86 73.7 26. 7 o.o 0.4 
23 T152NR73W/NE/SE/NE 39.12 38.52 22.36 78. 5 21. 4 o.o 0.0 
15 T152NR73W/4/SE/SW 49, 76 38.65 11. 58 76. 3 21.6 2.1 4.4 
27 Tl52NR73W/4/NW/NE 37.14 48.06 14. 79 79. 8 19.2 1.0 3.6 
10 Tl52NR73W/4/SW/SE/SW 44.38 43.08 12.59 70. l 30.0 0.0 o.o 
26 Tl52NR73W/12/NW/NW/NW 27.47 35.25 37.28 76. 3 22.8 0.0 2.2 
202 T152NR73W/14/SE/NE 40.09 41.15 18.76 79. 6 19.4 1.0 6.5 
05 T152NR73W/14/SE/SW/SE 42.29 39.52 18.19 82.4 14.6 2.9 2.9 
06 T152NR73W/15/SW/SE 29. 39 4 7 .05 23.56 77. 3 22.1 0.6 0.6 
179 Tl 53NR70W/ 3/SE/SW /SW 31. 72 39.45 28.83 67.0 25,3 7.7 8. 7 
Texture Lithology Local 
Sample Location Sand Silt Clay Crystln. CarLonate Shale Bedrock 
Number 
216 Tl53NR70W/4/SE/NE/SE 49.24 30.11 20.64 64.6 27.3 8.1 9.8 
177 Tl53NR70W/5/SW/NW/SW 24.24 63.58 12.13 69.4 30,6 0.0 2. 7 
213 Tl53NR70W/9/SE/NE/NE 22.23 36.44 41.32 76.l 19.6 4.4 6.3 
170 Tl53NR70W/15/SE/SW/SE 29.65 58.01 12.33 27.6 24.6 40.9 41.6 
169 Tl53NR70W/17/NE/NE/NW 41.29 35.75 22.96 75.6 21.1 2.0 2.8 
171 Tl53NR70W/19/NE/NE/NW 27. 54 38.48 33.98 65.8 32.9 1. 4 4.5 
174 Tl53NR70W/21/NE/NE/NE 31. 99 41.18 27. 32 39. 7 20.6 39. 7 40.0 
172 Tl53NR70W/27/SW/SW/SW 30.99 42.96 26 .05 40.9 22.6 36.5 37. 3 
173 Tl53NR70W/27/NE/SE/SE 32.87 47. 30 19.83 31. 6 18.4 52.8 54.4 
160 Tl53NR70W/34/SE/SE/SW 45.44 32. 54 22.02 34. 9 24.1 41.4 42.0 
145 Tl53NR71W/3/SE/SE/SW 34.34 41. 22 24.44 65. 4 26.5 s.o 13. 7 
217 Tl53NR71W/18/SE/NE/NE 31.08 27.85 41.07 90.0 8.8 1. 5 3.4 
136 Tl53NR71W/18/NW/SW/SW 33.12 32. 80 83.4 16.6 0.0 0.5 
... 
34.07 .... 
148 T153NR71W/27/SW/SW/SE 13.76 77.69 8.54 50.0 25.0 25.0 25.0 
co 
446 Tl53NR71W/28/NW/NE/NE 32.40 37,53 29.83 89.4 10.6 0.0 2.0 
133 Tl53NR71N/29/SE/SW/SW 43.84 46.28 9.88 75.0 21.0 4.0 78.6 
OS-12 TA22Tl53NR7 /l'l/ 29/SW 39.90 39.11 20.99 75.4 23.1 1.5 3,5 
129 Tl53NR71W/32/NE/NW/NW 29. 37 52.04 18.59 70. 3 29.5 o.o 0.6 
146 Tl53NR72W/2/SW/SW/NW 41.16 41.19 17. 66 76.6 23. 4 0.0 L7 
90 Tl53NR72W/ 4/SE/SW/SW 23.25 44. 36 32.39 74 .1 23.3 1. 7 4.3 
91 Tl53NR72W/4/NW/SW/NW 53.65 32.41 13.94 76. 8 23.2 o.o 6.0 
DS-2 TA2: Tl53NR72W/6/NW 46.02 37.69 16.28 79.0 18.8 1.3 1. 7 
86 Tl53NR72W/6/NW/NW/NW 36.28 45.85 17.87 6 7.6 32.4 o.o 6.3 
62 Tl53NR72W/8/NE/SE/SE 69. 16 11. 76 19.08 83.4 16,4 ". 2 2.3 
93 Tl53NR72W/10/NE/NW/NE 36.99 34. 81 28.20 76.4 19.3 4.3 5.2 
67 Tl53NR72W/20/SW/NW/NW 53.44 40.45 5.90 73.3 26. 7 0.0 86.5 
205 Tl 53NR72W/20/ SE/NE/NE 37.29 46.57 16.15 72. 3 26.1 1. 7 49.4 
224 Tl53NR72W/26/SW/SW/NW 43.40 31.68 24.93 73.1 20.7 6.3 7. 7 
40 Tl 53NR72W/29/SE/SW/NE 39.96 42.99 20.05 64.6 2 7. 6 7. 7 11. l 
108 Tl53NR72W/28/SW/NW/SW 68.00 10.74 21. 25 60.0 30.0 10.0 11. 8 
39 Tl53NR72W/ 32/ SE/SW/SW 35.22 36.37 28.42 78,3 19.6 1.4 2.8 
223 Tl53NR72W/34/SE/SE/SE 26.96 28.60 44.44 84.5 15.0 0.5 1.0 
Texture Lithoj:ogy Local 
Sample Loe.at ion Sand Silt Clay Crystln. Carbonate Shale Bedrock 
Number 
222 TlS 3NR 72W /NW /SW /SW 45.15 27.00 2 7. 84 82.6 17.4 0.0 1.0 
218 Tl53NR72W / 36/SE/SE/NW 36.11 44.65 19.24 76.3 20.0 3.8 11.1 
80 Tl53NR73W/2/SW/NW/NW 52.41 35.41 12.18 65.8 28.5 6.0 13.1 
227 T153NR73W/9/NW/NE/NW 30. 87 31. 28 37.85 68.6 20. 7 10.6 11.8 
DS-4 TA7Tl52NR73W/14/SE 34.15 49.73 16.11 86.4 2.4 11. 2 21. 2 
70 Tl53NR73W/21/NE/NE/NE 42.18 4 7 .02 10. 80 87.2 12. 3 0.4 3,2 
OS-3 TA41'153NR7 3W/2 7 /NE 60.11 21. 21 18.68 69.7 17.8 12.6 15.3 
51 T153NR73W/34/SE/SE/SW 29.61 41.10 29.29 68.2 29.5 2. 3 19. 7 
29 Tl53NR73W/35/SW/SW 34. 30 44.00 21. 70 76.3 ,23. 7 0.0 2.7 
48 Tl53NR73W/36/SW/SE/SE 49.68 37.95 12. 37 87.6 24.3 0.0 2.4 
184 T154NR70W/27/NW/SW/NW 42.10 36. 32 21.58 68. 3 21. 8 9.8 10.4 
182 Tl54NR70W/29/NW/SW/NW 2 7 .04 46.40 26.56 73.5 26.5 o.o 2.4 
181 Tl54NR70W/31/NW/NE/NW 31.00 45.20 23. 80 75.8 24.4 0.8 2.0 
DS-6 TA13Tl54NR71W/55/SW 59.44 25.13 15.42 63. 4 22.4 14.2 16. 6 
.... 
.... 
DS-8 TA13Tl54NR71W/55/SW 37.26 39.11 23. 63 75.1 19.4 5.5 6.6 '° 
DS-7 TA13Tl54NR71W/55/SW 30.89 42.30 28.61 79.1 20.2 0.6 8.4 
DS-9 TA13Tl54NR71W/55/SW 45.70 44.09 10.21 74,5 18.4 7.1 9.5 
144 Tl54NR71W/34/SE/SW/SW 49.16 38.48 12.36 67. 6 2 7. 7 4.7 22.7 
DS-1 TA1Tl54NR72W/30/NW 25.33 34.17 40.50 79. 2 13.2 7. 5 8.7 
88 Tl54NR72W/30/SW/NW/SW 4 7 .03 47.84 5.13 69.8 30. 2 0.0 6.0 
85 Tl54NR72W/32/SE/SW/SE 42.31 36.62 21.06 79.6 20. 4 o.o 0.6 
81 Tl54NR73W/34/SE/SE/SE 4 7. 25 35.02 17,73 80. 7 19.3 o.o 3.1 
82 Tl54NR73W/34/NW/SW/NW 26. 84 56.02 17 .14 84.0 16.0 o.o 3.8 
APPENDIX B 
Descriptions of' Test Holes 
Location: 
Elevation: 
121 
Descriptions of Test Holes 
'l;A-1 
T .154N. , .R. 72W. , Sec. 30 NW\/NE!i:./NE); 
1540 feet 
Depth in feet Unit Description 
soil, gray-black, siltJ 
silt, gray tan 
0-1 Oahe Fm. 
1-3 Oahe Fm. 
3--4. 5 Oahe Fm. 
4.5-14.S Oahe Fm. 
14. 5-22 Oahe Fm. 
22-29.5 Unit B 
29. S-32 Fox Hills Fm. 
sand, fine-medium gr~ined quartz domi-
nant, sub.rounded, tan 
clay, silty, medium brown to olive brown 
to 9.5 ft., gray-blue; moist below 
9. 5 ft. 
clay, very cohesive, smoothly calcareous 
SY4/l (Munsell color) 
pebble loam, silty, clayey 
sandstone, friable, clayey, silty, gray 
green medium grained sand 
TA-2 
Location: T.153N., R. 72W., Sec. 6 NW!,;/NW!,;/NWl, 
Elevation: 1590 feet 
Depth in Feet Unit 
Oahe Fm. 
Oahe Fm. 
Unit B 
Description 
0-6 
6-7 
7-12 
12-22 
22-24.5 
24.5-27 
Location: 
Elevation: 
Balta Fm. 
Balta Fm. 
Fox Hills 
Fm. 
sand, brown (soil) 
sand 
pebble loam, silty calcareous, 2.5Y4/4 
(Munsell color) 
clay interlaminated with sand 
clay finely laminated 
sand, green, fine to medium grained, 
dominantly quartz 
TA-3 
T.153N., R73W., Sec. 9 NEl,;/NE!i:/N1,!, 
1490 feet 
Depth .in Feet Unit Description 
0-1 
1-3 
3-9. S 
Oahe Pm. 
Oahe Fm. 
Buffalo 
Coulee 
Sand 
soil, brown, clayey 
clay, clay interbedded with gray green, 
black clay 
sand. gray, fine to medium grain,, sub-
rounded, <: uartz dominant 
Depth in feet 
9.5-12 
12-14 .. S 
14.5-35 
35-51 
51-52 
Unit 
Buffalo 
Coulee 
Sand 
Buffalo 
Coulee 
Sand 
Fox Hills 
Fm. (?) 
Fox HJ lls 
Fm.(?) 
TA-3 
( cop.tinued) 
Description 
silt, wet 
no smnple 
sand, green, wet., med] •mi to coarse 
silt, clayey, sandy, gray, poor sample 
return 
clay, stiff, blue gray 
TA-4 
Location: T.153N., R.73W., Sec. 27 NE~/NE~/SE~ 
Elevation: 1520 feet 
Depth in feet Unit Description 
0-2 
2-9.5 
9. 5-20 
20-22 
22-27 
27-37 
37-42 
42-47 
Location: 
Elevation: 
Oahe Fm. 
Oahe Fm. 
Uni,t B 
Balta Fm. 
Balta Fm, 
Fox Hills 
Fm. 
Fox Hills 
Fm.(?) 
Fox Hills 
Fm. (?) 
silt, sandy, dark brown 
sand, fine to medium grained quartz sand 
pebble loam, sandy to gravelly, clayey 
(till) 
loam, blue, clayey, wet 
loam, brown, very wet (soupy) 
clay, sandy, water saturated, 32-37 
pebbly 
easy drilling, no sample 
hard drilling, no sample 
TA-5 
T.152N., R73W., Sec. 5 NE~/NE~/SE~ 
1560 feet 
Depth in feet Unit Description 
0-1 
1-5 
5-17 
17-22 
22-47 
Oahe Fm. 
Oahe Fm. 
Unit B 
Fox Hill$ 
Fm. 
Fox Hills 
Fm. 
soil, black silty sand 
sand, light brown, fine to medium grain 
well rounded 
pebble loam, dark tan-gray, sandy clay 
(7-17 ft.) gray blue pebbly clay, till 
clay, sandy or clayey sand, green 
clay, sandy, green, poor sample return 
,, 
Location: 
Elevation, 
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TA-6 
T.152N., R. 73W., Sec. 9 NWJ.,;/Nfh;/SWJ.,; 
1540 feet 
Depth in feet Unit Description 
0-12 
12-17 
17-37 
37-52 
52-54 
Location: 
Elevation: 
Oahe Fm. 
Oahe Fm~ 
Oahe Fm. 
Buffalo 
Coulee 
Sand 
Buffalo 
Coulee 
Sand 
sand, fine to meaium grain, a few% 
coarse sand subrounded, 85-90% quartz 
sand, medium to coarse, 60% quartz, wnter 
saturated 
sand, clayey, silty, fine to medium 
grained, gray green 
sand, pebbly, c.layey, silty, subangular 
to suhroundf':d 
sand, medium to coarse grain, occasional 
pebbles, 75-85% ~uartz, subangular to 
sub rounded 
TA-7 
T 0 152N., R73W., Sec. 14 SE\/NE~/SE\ 
1540 feet 
Depth in feet Unit Description 
clay, silt, buff tan 0-3 
3--7 
7-17 
17-37 
37-47 
47-52 
Location: 
Elevation: 
· Oahe Fro. 
Oahe Fm. 
Oahe Fm. 
Oahe Fm. 
Fox Hills 
Fro. 
sand, silty, clayey, blue-gray tan 
clay, sandy to silty, pebbly (12-17) 
(slopewash?) 
clay, sticky, organic rich, dark brown 
to black 
no samples 
clay, sandy, silty 
TA-8 
T.152N., R72W., Sec. 7 SWl.i;/SWJ.,;/NWJ.,; 
1600 feet 
Depth in feet Unit 
Oahe Fm. 
Unit B 
Description 
0-1. 5 
1.5-33 
33--36 J,'ox llills 
Fm, ( ?) 
soil sandy, very fine to fine grain, 
brown to light brown 
pebble, loam, silty to sandy, pebbly, 
cobbly (till) upper 5.5 feet boulders 
nnd cobbles are more abundant 
no sample, hard drilling, auger binds 
l 
' ! 
Depth in feet 
36-37 
37-45 
Unit 
Fox Hills 
Fm.(?) 
Fox Hills 
Fm. 
TA-8 
(continued) 
Descripti9n 
no sample, easier drilling 
sandy loam, auger bound up and won't 
go deeper 
TA-9 
Location: 
Elevation: 
T.152T., R.72W., Sec. 16 sw,./sWl,;/NWl,; 
1530 feet 
Depth in feet 
0-2 
2-6.5 
6. 5-12 
12-37 
37-65 
65-67 
Unit 
Oahe Fm. 
Oahe Fm. 
Unit B 
Outwash 
deposited by 
~in~t reces-
sion of 
Souris lobe 
Fox Hills 
Fm. 
Description 
silty soil, dark to light brown 
sand, silty with a little clay and scat-
tered pebbles 
pebble loam, sandy, tan brown, (till) 
gravel, pebbly to cobbly with some silt 
and clay 
gravel, pebbly-finer grained than above, 
some silt and clay 
clay hard, compact gray green 
TA-10 
Location: T.153N., R. 72W., Sec. 15 SE!;./SW\i;/SE!t. 
Elevation: 1560 feet 
Depth in feet Unit Description 
0-4 Oahe Fm. soil, silty, brown 
4-7 Unit B pebble loam, silty, clayey, pebbly, 
light brown (till) 
7-17 Unit B clay" slightly silty, olive brown, oc-
casional pebbles and cobbles 
12-37 Unit B pebble loam, clayey, silty, 
dark blue, gray-green 
37-40 Fox Hills clay, silty' 
Fm. 
TA-11 
Location: T.153., R.72W., Sec. 11 NE!,;/SE~/SWl,; 
Elevation: 1545 feet 
gray-green 
(till?) 
cohesive, 
Depth in feet 
0-4 
4-5 
S-19 
Unit 
Oahe Fm. 
Unit B 
Fox Hills 
Fm. 
125 
TA-11 
( contlnued) 
Description 
sand, clayey, fine to medium gn,h1ed, 
tan 
pebble loam, clayey, tan-buff 
silt, clayey sandy, green 
TA-12 
Location, T .154., R. 7111., Sec. 30 SE\/SE!,;/SW!,; 
Elevation: 1575 feet 
Depth in feet Unit Des cripti.on 
0-2 Oahe Fm. soil clayey, black 
2-12 Oahe Fm. clay, sticky, light gray, moist 
12-17 Oahe Fm. clay, sticky, organic odor, silty 
17-22 Oahe Fm. clay, medium to coarse grain sand, water 
saturated 
22-27 Oahe Fm. Clay, slightly organic, gray to brown 
27-43 Unit B( ?) pebble loam, silty, clayey {till) 
43-44 Fox Hills sand, clayey, gray green, hard drilling 
Fm. 
TA-13 
Location: 
Elevation: 
T.154N., R. 71W., Sec. 33 SW!,;/NW\/SW\ 
1620 feet 
Depth in feet 
0-6 
6-10 
10-20 
20-27 
27-32 
32-39 
39-47 
47-50 
50-55 
55-67 
Unit 
Hansboro 
Fm.(?} 
Hansbon.'l 
Fm.{?) 
Unit B(?) 
Unit B( ?) 
Unit B(?) 
Unit B 
Unit B 
Ullit B 
Unit B 
Fox Hills 
Fm. 
Description 
pebble loam, silty to sandy, cobbly (till) 
clay, dark brown 
pebble loam, clayey, pebbly (till) 
sandy, pebbly, cobbly clay 
pebble loam, clayey, pebbly (till) 
sand, gravelly, approximately 60% quartz 
(medium to coarse grained sand) 
pebble loam, clayey, pebbly, cobbly 
( ti 11) 
gravel, pebbly, a few cobbles 
sand, medium to coarse grained 
sand, clayey, hard drilling 
Location: 
Elevation: 
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TA-14 
T.153N., R. 71W., Sec. 5 SW~/SW~/SE~ 
1590 feet 
Depth in feet Unit Description 
0-5 
5-15 
15-38 
38-52 
Location: 
Elevation:. 
Oahe Fm. 
·oahe Fm. 
Hansboro 
Fm. 
Fox Hills 
Fm. 
silt, clayey, buff tan, occasional 
pebbles 
clay, buff tan, fine pebbles 
pebble loam, (till), c.ay, silty, peb-
bly, buff (to 17 ft.) 17-38 feet-blue 
gray and occasional pebbles, boulder 
at 25 feet 
hard drilling, sand, silty, gray-green 
TA-15 
T.153N., R. 71W., Sec. 3 NW!i;/NE!i:/NE~ 
1600 feet 
Depth in feet Unit Description 
0-5 
5-12 
12-30 
30-32 
32-36 
36-41 
Oahe Fm. 
Hansboro 
Fm. 
Hansboro 
Fm. 
Hansboro 
Fm. 
Hansboro 
Fm. 
Fox Hills 
Fm. 
soil silty, browo 
pebble loam, clayey, sparse cobbles, 
dark brown (till) 
pebble loam, cobbly, bouldery, clayey, 
blue gray (till) 
sand or s:md pebble loam 
pebble loam, clayey, cobbly, (till) 
sand, silty, clayey, gray green 
TA-16 
Location: T.153N., R. 71W., Sec. 34 SW~/NE!i:/NWl,; 
Elevation: 1625 feet 
Depth in feet 
0-2 
2-12 
12-22 
22-34 
34-42 
Unit 
Oahe Fm. 
Hansboro Fm. 
Hansboro Fm. 
Hans bt) ro Fm. 
Fox Hills Fm. 
Description 
soil, silty 
pebble loam, tan, silty, pebbly (till) 
sand, fine to medium grained, 10% 
coarse sand approximately 75% quartz 
sand~ gravelly, heC'omes cobhl~s be},Jw 
32 feet 
s~nd, silty, grrty green 
.127 
TA-17 
Location: T.152N., R.71W., Sec. 9 SW\/SW~/NW\ 
Eleyation: 1600 feet 
Depth in feet Unit Description 
soi 1, s;1ndy, d~.1 rk brown 0-1 
1-10 
10-34 
34-41 
Location: 
Elevation: 
Oahe Fm. 
Hansboro Fm. 
Hansboro Fm. 
Fox Hills Fm. 
sand, medium to fine grained, well 
sorted subrounded to r·•unded 
sand-medium to coarse grained, angular, 
pebbly 
pebble loam, grRy green 
TA-18 
T.152N., R.71W., Sec. 11 SE~/SE\/NW\ 
1620 feet 
Depth in feet Unit 
Hansboro Fm. 
Description 
0-22 
22-29 
29-34 
34-35 
35-37 
37-40 
40-41 
41-42 
42-45 
45-47 
Location: 
Elevation: 
Fox Hills Fm. 
Fox Hills Fm. 
pebble loam, tan, silty, clayey·, 
pebbly (till) 
no samples 
sand, fine tu coarse grained, clayey,. 
water saturated 
auger binds, hard drilling 
easy drilling 
auger binds, hard drilling 
easy drilling 
auger binds, hard drilling 
easy drilling 
very hard drill, clay, sandy, gray green 
TA-19 
T.152N., R.70W., Sec. 6 NW\/NW\/NE\ 
1610 feet 
Depth in feet Unit Description 
0-1 
1-15 
15-35 
35-47 
Oahe Fm. 
Hansboro Fm. 
Hansboro Fm. 
fox Hll J s Fm. 
soil silty, brown 
pebble loam, silty to clayey, pebbly, 
light olive brown (till) 
pebble loam, clayey 15-17 feet and dark 
brown, pebbly and occasional boulders, 
dark gray-gn•en to gray-hl11,• (till) 
sand, fine A.Calned, el:1yey, gr,1y green, 
glauconitic 
128· 
TA-20 
Location: 
Elevation: 
T.153N., R. 70W., Sec. 27 SW!,/SWl,;/SW!,; 
1650 feet 
Depth in feet Unit 
0-1 Oahe Fm. 
1-3 Oahe Fm. 
3--10 Hansboro 
10-50 Hansboro 
50-52 Fox Hills 
Fm. 
Fm. 
Fm. 
Description 
soil, silty, d,-irk brown 
silt, tan. clean 
pebble loam, clayey, p~bbly, olive 
brown 
sand, very fine to fine grained, 90% 
quartz., well sorted, well rounded, 12-17 
feet pebbles present 
clay, sandy, grny-green 
TA-21 
Location: T.153N., R.70W., Sec. 8 SEl,;/SE!,;/NW!,; 
Elevation: 1630 feet 
Depth in feet 
0-1 
1-3 
3-4 
4-28 
Location: 
Unit 
Oahe Fm. 
Oahe Fm. 
Oahe Fm. 
Hansboro Fm. 
Description 
soil, dark brown, clayey 
clay,. medium gray, clean, cohesive 
sand, fine to medium grain, well rounded, 
90% quartz 
pebble loam, silty, clayey, light olive 
brown to dark olive brown, occasional 
cobbles, hit boulder in pebble loam, 
hole terrnin~ted (till) 
TA-22 
Elevation: 
T.153N., R. 71W., Sec. 29 SW!,;/NW!,;/NW!i: 
1600 feet 
Depth in feet 
0-1 
1-4 
4-20 
20-34 
34..:35 
35-38 
38-47 
Unit 
Oahe Fm. 
Oahe Fm. 
Oahe Fm. 
Unit B 
Hansboro 
Unit B 
Fox Hills 
Fm. 
Fm. 
Description 
soil, silty, dark brown 
silt, brown 
sand, very fine grained, silty, light 
brown to t{m grHy, well rounded 
pebhle loam, clayey, pebbly, olive brown 
to 22 ft., below 22 ft.-gray blue (till) 
sand, fine to medium grained, ~ubrounded 
to 5ubangular, 90% quartz 
pebble lonm, pebbly cobbly, clayey (till) 
c 1 .1y, s:mdy, gr,,y green 
' 
T 
I 
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TA-23 
Location: T.153N., R. 70W., Sec. 3 NW!,/NW!z/SW!,; 
Elevation: 1660 feet 
Depth in feet 
0-1 
1-2 
2-47 
47-49 
49-67 
Unit 
Oahe Fm. 
Oahe Fm. 
Hansboro 
Fox Hills 
Fox Hills 
Fm. 
Fm. 
Fm. 
Description 
soil, clayey, black 
clay> olive brown, cohesive 
pebble loam, olive brown, clayey, 
pebbles (till) 
sand, gray blue, cLtyey 
glauconitic sand 
TA-24 
Location: T .154N., R. 70W. , Sec. 27 NW!z/NW!,;/SWl,; 
Elevation: 1570 feet 
Depth in feet 
0-7 
7-20 
20-32 
Unit 
Oahe Fm. 
Hansboro 
Fox Hills 
Fm. 
Fm. 
Description 
clay, cohesive, brown to olive brown 
pebble loam, clayey, sandy, olive 
brown 
sand, silty, clayey, glauconitic 
' 
'  
APPENDIX C 
Till Fa.l:rdc Data 
Till Fabric Data 
T.153N., R.7JW., Sec. 36 SE/NW/NE 
Azimuth Plunge · Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge 
258 4 3!2 14 93 2 287 55 316 8 
262 15 147 8 113 16 290 53 294 4 
195 7 288 27 268 22 106 10 19 3 28 
81 8 246 4 20 25 303 4 202 10 
39 50 293 32 90 58 191 26 54 20 
325 4 156 55 JlO 43 314 15 271 12 
118 10 204 20 82 11 224 3 350 14 
109 7 246 20 118 12 86 42 238 31 
249 48 109 24 59 53 30 9 89 25 
293 57 286 34 292 2 2 1 348 58 
,.... 
w ,_. 
T .153N., R. 72W., Sec. 20 SE/NE/NE 
Azitnuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge 
130 24 357 14 180 24 181 36 334 27 
136 12 76 4 342 54 351 26 293 59 
317 20 278 40 302 40 59 6 344 33 
295 0 147 14 163 2 240 25 353 30 
165 1 214 4 239 10 135 4 339 12 
0 21 24 10 170 14 1 75 17 7 60 
17 15 60 13 153 42 59 25 249 60 
176 8 61 36 45 39 345 10 341 34 
296 38 243 44 336 44 148 16 130 40 
91, lJ 262 6 122 10 328 22 352 
T.153N., R. 72W., Sec. 14 NW/SW/SW 
Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge 
272 15 264 44 228 17 266 47 .297 36 
309 18 320 2 10 32 268 10 347 34 
120 16 285 13 288 23 147 1 253 18 
318 36 315 10 221 9 344 7 271 14 
289 20 306 25 297 33 248 8 325 2 
279 18 274 10 285 4 256 24 311 23 
205 30 298 20 263 7 50 35 291 0 
5 38 73 2 291 50 304 20 315 5 
230 7 272 30 237 20 228 30 333 28 
335 10 348 4 298 28 141 27 125 14 
... 
T.153N., R. 73W., Sec. 9 NW/NW/NW Ws 
Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge 
123 5 43 2 333 24 152 2 348 11 
326 4 18J 14 203 41 19 8 33 12 
19 12 196 l 200 7 185 8 303 7 
248 36 301 24 359 5 44 25 100 36 
228 12 250 20 354 36 162 46 192 58 
277 22 306 5 332 29 38 9 340 5 
166 30 44 51 153 34 308 23 ]JO 5 
196 6 97 25 278 22 31 7 24 l;., j 40 
293 2 12 32 2 37 24 269 21 301 19 
176 8 39 27 324 17 194 2 307 1B 
T.152N., R. 71W., Sec. 2 NW/NE/SW 
Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge 
169 22 158 40 120 33 198 30 215 11 
255 4 212 28 169 30 358 4 222 34 
49 3 134 13 235 33 197 4 257 24 
165 10 251 21 130 62 260 52 215 42 
251 15 205 29 215 33 262 20 288 39 
190 36 6 7 93 51 356 14 233 36 
217 20 170 19 259 7 341 17 275 51 
115 23 200 25 284 35 53 5 31 10 
145 26 230 40 270 32 212 45 160 30 
144 45 254 9 235 67 280 41 
... 
I.,.) 
...., 
T,152N., R.72W., Sec. 15 NW/NW/NW 
Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge 
105 34 176 12 82 24 142 7 12 12 
206 20 17 15 187 31 78 12 261 30 
334 28 1 6. 312 12 314 11 282 6 
143 25 229 33 75 27 10 48 310 19 
12 7 18 172 8 96 14 346 7 246 2 
155 7 25 7 10 110 10 302 24 125 43 
250 20 325 9 30 4 350 26 . 9 6 
326 28 145 14 145 13 144 1 152 6 
241 12 305 6 65 4 47 28 268 3 
99 2 7 23 86 19 244 44 294 0 
U' ... I 
T.154N., R. 70W., Sec. 27 NW/NW/SW 
Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge Azimuth Plunge 
177 11 315 27 176 22 101 4 284 20 
239 42 131 8 325 0 325 22 300 21 
305 25 125 1 165 17 337 2 306 10 
128 18 137 9 149 38 90 20 123 10 
330 6 337 18 132 37 171 3 250 19 
266 9 357 32 146 2 180 3 164 15 
170 13 107 27 134 33 157 4 56 11 
160 8 34 7 15 140 2 336 2 77 30 
203 24 19 37 172 37 128 7 171 25 
325 0 86 3 87 19 159 44 144 24 
.... 
't-
(... .,,wv1"U''t'?'.?iio 
v" 
' 
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